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ABSTRACT 
The elimination of expansion joints between the bridge deck and approach slabs in an integral 
abutment bridge (IAB) decreases the potential for water and salt damage to the bridge 
superstructure and bearings. However, the lack of expansion joints in an IAB can lead to 
complex interactions between the superstructure and substructure, which may have unintended 
consequences. In particular, cracking and settlement of structural concrete approach slabs have 
been observed at IABs. Field observations indicate that approach slabs with skews larger than 
30° tend to have diagonal cracks that concentrate in the acute corner and travel in the direction of 
the obtuse corner. Longitudinal cracks are more common in approach slabs that have little to no 
skew. The Illinois State Toll Highway Authority (ISTHA) initiated a research project to 
investigate approach slabs at IABs. This thesis documents the first portion of the ISTHA project, 
including a synthesis of existing approach slab cracking and a survey related to design, 
construction and performance of approach slabs, as well as field monitoring and structural 
analysis of approach slabs. A precast (Prospect Avenue) and cast-in-place (Arlington Heights 
Road) approach slab were instrumented with embedded strain gages and crackmeters to monitor 
their structural behavior. Models of approach slabs were created in SAP2000 to study the effect 
of wing walls and skew on the maximum compressive and tensile stresses in the slab. Analysis 
results indicate that: (1) as the length of the wing wall supporting the edge of the approach slab 
increase, the displacement, maximum and minimum principal stresses, and the maximum 
moment decrease; (2) as the skew of the slab increases, the displacement, maximum and 
minimum principal stresses, and maximum moment decrease; (3) there was no significant 
difference between a slab with half wing wall support and a slab with full wing wall support. 
Strain readings collected to date from the field instrumentation program were extrapolated to 
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estimate the strains at the top and bottom of the slab, for comparison with strains from the 
numerical model. Maximum tensile strains from the model are approximately equal to the 
maximum tensile strain observed in the approach slab at Prospect Avenue. In conjunction with 
research that is still in progress, the work documented in this thesis will contribute to 
determining the causes of approach slab cracking at IABs and to developing design criteria for 
approach slabs to prevent cracking. 
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CHAPTER 1: INTRODUCTION 
1.1 BACKGROUND ON BRIDGE ABUTMENTS 
A conventional highway bridge with stub abutments has an expansion joint between the bridge 
deck and the approach pavement or approach slab. The bridge deck is supported by girders, 
which rest on bearings atop the abutment. A sample Illinois Department of Transportation 
(IDOT) section through a stub abutment is shown in Figure 1. 
 
 
Figure 1. Typical IDOT section through a stub abutment (IDOT). 
In an integral abutment bridge (IAB), the bridge girders rest directly on the abutment and there is 
no expansion joint between the deck and approach slab, only a construction joint. A typical 
IDOT section through an integral abutment is shown in Figure 2. 
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Figure 2. Typical IDOT section through an integral abutment (IDOT). 
Since there are no expansion joints at the ends of the bridge, the superstructure and substructure 
move as one unit under thermal loading (White 2007). The lack of joints decreases the possibility 
of water and salt damage to the bridge superstructure and substructure, thus reducing 
maintenance time and cost. In addition, the construction joint in an IAB allow drivers to 
experience a smoother ride. The movement of the bridge deck and approach slab unit is made 
possible via an expansion joint between the approach slab and the transition slab, as shown in 
Figure 3 and Figure 4. The approach slab is a structural component that is designed to span 
without soil support and the transition slab is a pavement element. 
 
 
Figure 3. Schematic of bridge deck, approach slab, expansion joint, approach footing, and pavement (IDOT). 
Bridge deck 
Construction joint 
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Figure 4. Expansion joint detail (IDOT). 
In a semi-integral abutment bridge, the expansion joint is eliminated, but the girders rest on 
bearings atop the abutment. A typical IDOT section through a semi-integral abutment is shown 
in Figure 5.  
 
 
Figure 5. Typical IDOT section through a semi-integral abutment (IDOT). 
1.2 OBSERVED APPROACH SLAB PERFORMANCE AND RESEARCH 
NEED 
Although IABs cost less to build and have a longer life span than conventional stub abutment 
bridges, undesirable behaviors, such as cracking, have been observed in many Illinois State Toll 
Highway Authority (Illinois Tollway) IABs constructed between 2013 and 2014. This is a major 
problem as the reconstruction of the central Tri-state is planned to take place in 2019. The 
Tollway has used pre-cast concrete approach slabs to decrease the occurrence of approach slab 
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cracking, but cracks are still present in pre-cast slabs. Pre-cast approach slabs consist of several 
panels that are fabricated in a pre-cast plant, which are then transported to the bridge site, 
whereas concrete is placed on site for cast-in-place approach slabs. Currently, the Illinois 
Tollway uses IDOT’s design criteria for cast-in-place and pre-cast approach slabs. However, the 
design details for the pre-cast approach slabs are only intended for planar approach slabs. 
Although IDOT’s design criteria for cast-in-place approach slabs are applicable to Illinois 
Tollway’s IAB approach slabs, cracking is still an issue in approach slabs. Moreover, the criteria 
for when a pre-cast approach slab should be used, versus when a cast-in-place approach slab 
should be used, is subjective and can only be applied to long-span IABs. A more applicable set 
of criteria for when pre-cast approach slabs should be used for short span IABs is needed 
(Tollway Proposal 2016). 
1.3 APPROACH SLAB INVESTIGATION 
Based on the observed performance of approach slabs built between 2013 and 2014, several 
research needs were defined by the Illinois Tollway for this project. The objectives of this 
research are: 
• Developing an understanding of the approach slab cracking currently observed in Illinois 
Tollway’s IABs. 
• Developing improved design criteria, construction details, and procedures for preventing 
and/or mitigating early approach slab cracking. 
• Providing suggestions to enhance Illinois Tollway’s full depth pre-cast approach slab 
details to replace current cast-in-place and IDOT pre-cast alternatives. 
The ongoing project is divided into three main tasks: literature review and agency survey, 
investigation of current IAB approach slab cracking, and improvements and recommendations 
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for cast-in-place and pre-cast approach slabs. The first task and part of the second task are 
covered in this thesis.  
1.4 THESIS OVERVIEW 
In addition to conducting a literature review, the first task of this project consists of an online 
agency survey regarding the design and construction practices of other state agencies for IABs in 
general, as well as for approach slabs in IABs and conventional bridges. As part of the second 
task of investigating current IAB approach slab cracking, Illinois Tollway bridges that exhibit 
approach slab cracking are analyzed to determine cracking patterns. Field instrumentation is 
conducted to monitor the behavior of new cast-in-place and pre-cast approach slabs. A 
parametric study using finite element models of approach slabs with various boundary conditions 
is performed to better understand how bridge parameters and temperature may affect cracking in 
approach slabs. The numerical modeling in this thesis is an initial effort toward the parametric 
study. Specifically, the effect of skew, wing walls, and different truck loadings are analyzed in 
the approach slab models. Strains from the numerical models are then compared with field data. 
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CHAPTER 2: LITERATURE REVIEW 
To provide context and guidance for the present research, prior work conducted at the University 
of Illinois was studied. In addition, research by others employing approach slab field monitoring 
was also reviewed, in conjunction with numerical models and simulations of approach slab 
service performance. 
2.1 PRIOR IAB RESEARCH AT THE UNIVERSITY OF ILLINOIS 
The superstructure behavior of IABs was studied in a prior project conducted at the University of 
Illinois at Urbana-Champaign (LaFave et al. 2016 & 2017). An extensive numerical parametric 
study was conducted to better understand IAB behavior under thermal and traffic loadings. In 
addition, two Illinois IABs were instrumented with sensors for long-term monitoring. Vibrating-
wire strain gages were installed on girders and piles and embedded in the bridge decks at both 
bridges. Embedded strain gages were installed in an approach slab at one bridge, as shown in 
Figure 6. In addition to measuring strain, the gages were also capable of measuring temperature. 
 
 
Figure 6. Strain gage installation plan at I-90 Mainline Bridge over Kishwaukee River (LaFave et al. 2017). 
Of particular interest for the present research, the approach slab of the I-90 Mainline Bridge over 
the Kishwaukee River, with four spans and a skew of 30°, was instrumented with six embedded 
strain gages and displacement transducers (“crackmeters”) at the four corners as shown in Figure 
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6. The temperatures measured by the embedded approach slab strain gages were averaged and 
used to evaluate the long-term thermal response of the approach slab. The strain readings from 
all six approach slab gages trend consistently over time with approach slab temperature. The 
comparison between change in temperature and change in strain, for the embedded gage circled 
in Figure 6, is shown in Figure 7 (LaFave et al. 2017). 
 
 
Figure 7. Comparison of change in temperature and change in strain recorded from the embedded strain 
gage circled in Figure 6 (LaFave et al. 2017). 
Bridge superstructure temperature was also recorded, and the average approach slab temperature 
differed from the average bridge superstructure temperature by approximately ±5°F, as shown in 
Figure 8 (where T = 0 represents the gage installation temperature of approximately 75°F). 
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Figure 8. Comparison of change in average approach slab temperature and change in average bridge 
superstructure temperature over time (LaFave et al. 2017). 
In the approach slab, the average strain of the two gages along the traffic direction was corrected 
for temperature effects on the gage due to the difference in coefficient of thermal expansion of 
the concrete and the steel vibrating wire in the gage. Assuming elastic behavior, the corrected 
average strain results were then multiplied by the length of the approach slab (30 ft) to obtain an 
average change in length along each instrumented line. The north and south sides of the approach 
slab had similar changes in length and followed a linear trend with change in temperature, as 
shown in Figure 9. Although the approach slab and bridge deck were considered as a single unit, 
the approach slab was still able to experience its own cycles of thermal expansion and 
contraction due to the relative freedom of movement provided by the expansion joint. 
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Figure 9. Change in approach slab length with change in temperature (LaFave et al. 2017). 
An assumed Young’s modulus of the slab was used to convert the average strains to load-related 
stresses associated with external forces or restraints. The calculated stresses in the approach slab 
over the entire period of data collection were compared with the change in temperature, as shown 
in Figure 10. 
 
 
Figure 10. Average approach slab stress versus change in temperature (LaFave et al. 2017). 
 The change in stress during the first four months of data collection was concluded to be due to 
construction activity. In the subsequent months, the data followed a linear trend with change in 
10 
 
temperature. However, the ratio of change in stress and change in temperature (the slope) 
decreased after each summer. The decrease in slope signified the approach slab becoming less 
constrained, likely due to soil settlement causing a friction reduction beneath the slab (LaFave et 
al. 2017).  
2.2 APPROACH SLAB FIELD OBSERVATIONS  
University of Oklahoma & Seoul National University 
Martin and Kang (2013) summarized previously published literature and standard drawings 
focusing on structural design and construction issues of approach slabs. The most common 
problems with approach slabs were due to settlement of the fill material, settlement of natural 
soil beneath the embankment, and poor construction practices (Briaud et al. 1997). Bridges with 
excessive cracking were related to improper aggregate material selection. Limestone aggregate 
performed better than siliceous aggregate (Chen et al. 2007).  
To improve performance, Louisiana used three types of foundations (flat slab with length of 6.1 
m for cut sections, flat slab with length of 12.2 m for fill sections, and pile support when large 
settlements expected) depending on soil conditions and embankment (Fu 2007). There was no 
consensus on approach slab length, but a minimum length of 3 m was recommended by Briaud et 
al. (1997), Hoppe (1999), Seo et al. (2002), and Lenke (2006). According to Roy and 
Thiagarajan (2007) and Khodair and Nassif (2005), thicker approach slabs had better 
performance.  Cai et al. (2005), Shi et al. (2005), Fu (2007), and Abu-Farsakh (2008) 
investigated the adequate flexural rigidity for different amounts of differential settlement to 
minimize the bump at the approach slab – deck interface. Joints were a major point of concern 
because if not properly constructed and maintained, they were a source of water infiltration, or 
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the expansion joints could lose their mobility (Briaud et al. 1997). Different approach slab 
connection types could lead to different problems. Approach slabs not tied to the abutment 
experience concrete deterioration, while approach slabs tied to the abutment may develop 
cracking (Kunin and Alamapalli 1999).  
2.3 APPROACH SLAB FIELD MONITORING 
Iowa State University 
Researchers at Iowa State University studied the O’Brien County Bridge, which consisted of two 
side-by-side structures, to evaluate approach slab performance and the effects of integrally 
connecting the approach slab to the bridge. The northbound and southbound bridges were three-
span continuous prestressed concrete girder bridges with 30° skew. A 12 in. thick pre-cast 
approach slab with a length of 76 ft – 11 in. and a width of 40 ft on the northbound structure, and 
a 12 in. thick cast-in-place approach slab with a length of 29 ft – 6 in. and a width of 40 ft on the 
southbound structure, were instrumented. The support condition for the pre-cast approach slab 
was a modified subbase, whereas a sleeper slab was used for the cast-in-place approach slab. In 
addition, the bridge superstructure and substructure were also instrumented.  During the field 
monitoring program, both pre-cast and cast-in-place approach slabs had similar maximum, 
minimum, and ranges of strain, as shown in Table 1. 
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Table 1. Approach slab behavior (Greimann et al. 2008). 
 
 
The cast-in-place slab had a slightly greater expansion joint movement range compared to the 
pre-cast slab. Strains were averaged to calculate a slab force. The pre-cast slab friction force was 
found to be 27% of the total force range in the slab. The friction force could not be calculated in 
the cast-in-place approach slab due to the limited number and orientation of strain gages. As 
shown in Figure 11 and Figure 12, both approach slabs showed short-term cycling behavior that 
was likely due to friction ratcheting, similar to the approach slab behavior seen in Figure 10 
(LaFave et al. 2017). However, only the pre-cast slab showed a clear trend between the average 
slab forces and temperature.  
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Figure 11. Northbound (pre-cast) bridge approach slab average force with respect to slab temperature 
(Greimann et al. 2008). 
 
 
Figure 12. Southbound (cast-in-place) bridge approach slab average force with respect to change in slab 
temperature (Greimann et al. 2008). 
The approach slab type and length seemed to influence superstructure behavior. Girder moments 
and axial forces were calculated from the strain measurements. Both bridges had similar moment 
ranges, but the largest moments were opposite in sign (negative moment for the pre-cast slab, 
and positive moment for the cast-in-place slab). A reason for this occurrence was not provided. 
Cracks were observed at the approach slabs on the south end of each bridge, suggesting that the 
slabs experienced tensile stresses. As shown in Figure 13, the northbound (pre-cast) approach 
slab had a crack extending from the east shoulder to the middle of the slab (transverse crack). 
The crack was measured along the east shoulder and was recorded to be 33 ft – 10 in. from the 
abutment. The southbound (cast-in-place) approach slab had a small crack that was 29 in. long. 
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The crack was measured along the east shoulder and was recorded to be 15 ft from the abutment 
(Greimann et al. 2008).  
 
 
Figure 13. Approach slab crack positions in the southbound and northbound approach slabs (Greimann et al. 
2008). 
In a second study, researchers at Iowa State University instrumented another pre-cast approach 
slab at an IAB in Bremer County (Nadermann and Greimann 2010). The objective of this project 
was to evaluate the performance of approach slabs and determine the range of forces that should 
be considered when designing IABs integrally connected to approach slabs. The previously 
instrumented pre-cast approach slab at the O’Brien County bridge was 76 ft long with a 30° 
skew and was connected to the abutment using vertical anchor bars. The newly instrumented pre-
cast approach slab at the Bremer County bridge was 20 ft long with a 2.5° skew and was 
connected to the abutment using angled dowels. Both bridges have concrete girders. The bridge 
at Bremer County had pre-cast panels and shoulders and additional cast-in-place shoulders 
outside the pre-cast shoulders. A total of twenty-four strain gages and eight crackmeters were 
instrumented in the new pre-cast approach slab, as shown in Figure 14. Additionally, a 
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temperature compensation beam was instrumented to calculate the coefficient of thermal 
expansion that was subsequently used to adjust the output strain readings.  
 
 
Figure 14. Instrumentation layout at Bremer County Bridge (Nadermann and Greimann 2010). 
Unlike in the previous study, the approach slab load strain readings were neither transversely nor 
longitudinally uniform. As shown in Figure 15, the average force was inversely related to 
temperature and showed annual seasonal cyclical patterns. Non-uniformity was concluded to be 
attributed to the section of cast-in-place shoulder and its connection to the wing wall. The 
corresponding legend for Figure 15 is shown in Table 2. 
Table 2. Seasonal dates and corresponding color (Nadermann and Greimann 2010). 
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Figure 15. Average slab force with respect to average slab temperature at Bremer County (Nadermann and 
Greimann 2010). 
Based on the field measurements, significant non-uniform thermal forces were reported at the 
expansion joint. The coefficient of friction for the approach slab at Bremer County ranged from -
2.5 up to 25 as compared to the coefficient of friction for the approach slab at O’Brien County 
that was approximately equal to 2. The large coefficient of friction for the approach slab at 
Bremer County was concluded to be due to the approach slab and the supporting soil being 
locked together as a unit. The Bremer County approach slab showed no cracking, whereas cracks 
were present in the approach slab at O’Brien County (Nadermann and Greimann 2010).  
Louisiana Transportation Research Center 
The Louisiana Transportation Research Center instrumented the east and west approach slabs at 
the Bayou Courtableau Bridge to evaluate, validate, and verify a new approach slab design (Abu-
Farsakh et al. 2014). The settlement of the natural soil under the embankment, the compression 
and lateral deformation of the embankment fill, and the stiffness of concrete approach slabs all 
contribute to the development of a bump at the bridge end. The new approach slab design was 
aimed to minimize the bridge end bump caused by differential settlement. The new design 
consisted of increasing the slab flexural rigidity and using a reinforced soil foundation at the 
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pavement-to-approach-slab joint. The east approach slab was fabricated using the old design, 
which had a slab thickness of 12 in. Pressure cells were instrumented at the east approach slab to 
measure the contact pressure under the slab. The west approach slab was fabricated using the 
new design, which had a thickness of 16 in. In addition to pressure cells, strain gages and sister-
bar strain gages were instrumented to measure the strain along the geogrid and the strains in the 
slab, respectively. The instrumentation plan at the east approach slab is shown in Figure 16, and 
the instrumentation plan at the west approach slab is shown in Figure 17. 
 
 
Figure 16. Instrumentation plan of the east approach slab (Abu-Farsakh et al. 2014). 
 
 
Figure 17. Instrumentation plan of the west approach slab (Abu-Farsakh et al. 2014). 
The soil beneath the sleeper slab was reinforced to increase the bearing capacity of the soil and 
to reduce the embankment settlement by redistributing the loads imposed by the slab and traffic 
over a wider area. Two static load tests were conducted on each slab to monitor the performance 
of the approach slabs in terms of deformation, internal stresses of the concrete slab, contact 
stresses between the slab and embankment, stress distributions within the reinforced soil 
foundation, and strain distributions along the geogrid. A 20-ton large cone truck was placed at 
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strategic locations across the slabs. The first static load test was conducted before the bridge 
opened to traffic, and the second static load test was conducted one-and-a-half years later. Based 
on the contact stresses, the east approach slab demonstrated a gradual loss of its contacts to the 
embankment soil from the bridge abutment side to the pavement side. The contact pressure 
beneath the east approach slab increased between the first and second static load test. The west 
approach slab retained its contacts and supports from the embankment soil during the first static 
load test, but lost most of the support by the second static load test. The contact pressure beneath 
the west approach slab decreased between the first and second static load test. It was concluded 
that the new approach slab design with increased rigidity and geosynthetic reinforced soil had 
better performance than the standard approach slab design (Abu-Farsakh et al. 2014). 
2.4 APPROACH SLAB FINITE ELEMENT MODELING 
Rutgers University 
Researchers at Rutgers University studied the development of a finite element model to identify 
probable causes of cracking, the locations of the cracks, and factors that may influence crack 
development in approach slabs and transition slabs. The finite element analysis was conducted 
using ABAQUS. The approach slab is made of shell elements and skewed, with a length of 25 ft 
and a width of 12 ft. The connection between the approach slab and abutment was represented 
using a pinned connection, and the support at the transition end of the approach slab was 
modeled using linear springs. The HS-20 design truck was used as the truck loading and assumed 
to travel in the middle of the slab. The truck was placed at constant steps from the bridge to the 
pavement and vice versa. As the truck travels across the transition slab and the approach slab, 
elements that exhibit cracking in the approach slab are shaded in red, as shown in Figure 18. The 
location of a cracked element corresponds to the location of the truck loading. The truck axles 
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are indicated by the arrows and are moving from the bridge end of the approach slab (A) towards 
the transition slab (T).   
 
 
Figure 18. Location of cracked elements at bridge exit due to 4.3 HS20 truck load (Nassif et al. 2002). 
From this study, several conclusions were drawn. For the same loading conditions and at the 
same location in the slab, a skewed approach slab has higher tensile stresses than a non-skewed 
slab. Settlement and the presence of voids coupled with heavy truck loads are the most probable 
factors that cause crack development. Increasing the steel rebar yielding stress or the steel rebar 
area had no effect on reducing the number of cracked elements in the model. Increasing the 
concrete compressive strength increases the cracking load capacity, but was not as effective as 
increasing the thickness of the slab to mitigate cracking. An approach slab with a thickness of 18 
in. and a concrete compressive strength of 6500 psi was recommended (Nassif et al. 2002). 
In a second phase of the study conducted by researchers at Rutgers University, approach slabs 
were studied with three-dimensional finite element models and were instrumented using various 
sensors such as vibrating wire strain gages, soil strain meters, pressure cells, and settlement 
sensors (Nassif et al. 2007). Based on prior field monitoring (Nassif et al. 2002), many cracks 
occur near the abutment and wing wall, as shown in Figure 19 (Nassif et al. 2007). 
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Figure 19. Areas where cracks develop most often (Nassif et al. 2007). 
The model was developed to predict strains in the approach slabs. A pinned connection was used 
between the approach slab and the abutment, whereas the approach slab was supported by soil on 
the transition end. The slabs were subjected to dead load and multiples of AASHTO’s HS-20 
bridge design truck loading. Approach slabs of any given length were predicted to crack 
approximately 8 ft from the abutment. A slab with a length of 35 or 45 ft had a load-carrying 
capacity of 4.5 times the HS-20 truck, while a slab with a length of 55 ft had a load-carrying 
capacity of 4.3 times the HS-20 truck. An approach slab with a length of 45 ft was deemed to be 
the optimum design length without increasing the cost of the approach slabs. The predicted 
strains were comparable to the actual measurements from the vibrating wire strain gages (Nassif 
et al. 2007). 
Louisiana State University 
Louisiana State University conducted a finite element analysis using ANSYS to correlate the 
deformation and internal force of an approach slab with embankment settlement. Finite element 
models of the approach slab, sleeper slab, abutment, and embankment were developed. Long flat 
approach slabs that were 20, 40, and 60 ft in length and 40 ft wide (typical for a two-lane 
highway) were studied. The mesh of a typical model is shown in Figure 20.  
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Figure 20. Typical finite element mesh (Cai et al. 2005). 
Eight-node hexahedron elements were used in the models. The interaction between the soil and 
the slab was modeled using a contact and target pair surface element available in ANSYS that is 
a compression-only element. This type of element was used instead of springs because springs 
were not able to accurately simulate the interaction between the slab and the soil. When the soil 
was in tension, the slab and soil separated automatically. The HS20 truck was applied as the live 
load, and the self-weight of the slab was used as the dead load. The live load was applied after 
the dead load because the loading sequence affected the contacting and separating process 
between the slab and the soil. Based on the analysis, the current slabs were deemed to be under-
designed when settlement was taken into consideration. Increasing the thickness and 
reinforcement in flat slabs were recommended. Another alternative was the use of ribbed slabs 
(similar to slab-on-beam bridge decks), as shown in Figure 21. Ribbed slabs were preferred over 
thick flat slabs (Cai et al. 2005).  
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Figure 21. Ribbed approach slab (Cai et al. 2005). 
University of Missouri – Kansas City 
Researchers at the University of Missouri – Kansas City used nonlinear finite element analysis of 
a reinforced concrete bridge approach slab to numerically study the extent and location of cracks 
due to slab thickness and voids. Reinforced concrete was modeled using shell elements with 
rebar elements in ABAQUS. Interactions between the concrete and rebar, such as bond slip and 
dowel action, were taken into consideration by tension stiffening. The tension stiffening effect 
improved the accuracy of the analysis as well as the numerical stability of the solution. Based on 
a prior study, the tension stiffening value (strain beyond failure at which all strength is lost) of 
20εcr was selected. The HS20 design truck according to the AASHTO LRFD Bridge Design 
Specification (2002) was used as the loading on the slab. The design lane load was always 
present on the slab. The approach slab had a thickness of 12 in., a length of 24 ft – 7 in., and a 
width of 11 ft – 10 in. The size of the elements was based on the contact area of a tire on the 
slab. The soil was modeled as springs, and the ends of the slab were represented by pin 
connections. Loose sand, silty medium dense sand, clayey medium dense sand, and dense sand 
were the four types of soil conditions considered. Based on the finite element model, less 
cracking was present in slabs supported by stiffer soils, as shown in Figure 22.  
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Figure 22. Comparison of cracking in slabs supported by loose and dense sand (Roy and Thiagarajan 2007). 
In addition to soil stiffness, the thickness of the slab and development of voids also greatly 
influenced the presence of cracks in the approach slab. Thicker slabs showed fewer cracked 
elements. The development of voids was implemented by removing springs in certain areas 
beneath the slab. The slab deflection increased as the voids increased, but the number of cracked 
element rows remained the same (Roy and Thiagarajan 2007). 
In a second project, researchers at the University of Missouri – Kansas City used finite element 
analysis to develop innovative and cost-effective structural solutions for cast-in-place bridge 
approach slabs (Thiagarajan et al. 2010). Based on AASHTO LRFD Bridge Design 
Specifications, the HL-93 design truck was used as the live loading, as shown in Figure 23. A 
lane load of 0.64 kips/ft × 10 ft was also applied. The truck wheels were 6 ft apart in the lateral 
direction. In addition, a design tandem that had a pair of 25-kip axles spaced 4 ft apart was also 
used.  The design truck and the design tandem load were positioned to produce maximum force 
effects. 
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Figure 23. Axle loading of AASHTO HL-93 design truck (Thiagarajan et al. 2010). 
Three types of approach slabs were evaluated. The standard bridge approach slab (BAS) used by 
Missouri DOT on all major routes had a 25 ft span and a thickness of 12 in. The BAS was 
supported by a sleeper slab. The modified bridge approach slab (MBAS) was implemented on a 
minor route and had a span of 25 ft and a thickness of 12 in. Unlike the standard BAS, the slab 
was not supported by a sleeper slab at the pavement end. In addition, the reinforcement in the 
slab is 50% of the standard BAS. In addition to the two types of slabs used in Missouri, the 
standard bridge approach slab used in Idaho was also studied. The Idaho BAS had a slab length 
of 20 ft and a thickness of 12 in. The reinforcement size and spacing for each slab is shown in 
Table 3. 
Table 3. Reinforcement size and spacing for each slab (Thiagarajan et al. 2010). 
 
 
Each slab was modeled in SAP2000 using 12 in. × 12 in. four-node elements. For each slab, five 
different types of boundary conditions were explored, as shown in Figure 24.  
25 
 
 
 
Figure 24. Types of boundary conditions used for each slab (Thiagarajan et al. 2010). 
The soil was modeled as a series of elastic springs with a constant spring stiffness of 18.4 lb/in3. 
In the last type of boundary condition, the slab does not rest on a sleeper slab at the pavement 
end of the approach slab. The modeled slabs were 38 ft wide with three traffic lanes. Loading 
was applied as pressure loads on 1 ft2 elements in steps, with three design trucks entering the slab 
from the pavement end of the slab and then traveling along the slab, as shown in Figure 25. The 
load combinations used are shown in Figure 26. 
 
 
Figure 25. Truck axles entering from the pavement end of the approach slab (Thiagarajan et al. 2010). 
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Figure 26. Load combinations used for each slab model (Thiagarajan et al. 2010). 
The tandem load applied to the slabs are highlighted in blue, as shown in Figure 27. The design 
truck load applied to the slabs are then highlighted in blue, as shown in Figure 28. The lane load 
applied to the slabs are finally highlighted in blue, as shown in Figure 29. 
 
 
Figure 27. Tandem load for BAS model (Thiagarajan et al. 2010). 
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Figure 28. Design truck load for BAS model (Thiagarajan et al. 2010). 
 
 
Figure 29. Lane load for BAS model (Thiagarajan et al. 2010). 
From the finite element analysis of the models, several conclusions were made. The maximum 
deflection for a standard Missouri approach slab for the simply supported case was 0.63 in., 
whereas the modified Missouri approach slab had a maximum deflection of 0.68 in. The 
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maximum Idaho slab deflection for the simply supported case was 0.36 in., and the maximum 
slab deflection for the slab on grade with voids was 0.3 in. The maximum moment for the simply 
supported modified approach slab was 134.52 kips-ft/ft, and the maximum moment for the 
modified approach slab on grade was 63.15 kips-ft/ft. Rebar stresses at both the top and bottom 
were much lower that the yield limits of the reinforcement. If traffic volumes were moderate to 
heavy, sleeper slabs were recommended as the support type at the pavement end of new cast-in-
place approach slabs. Based on a cost analysis, 10 in. thick pre-cast, prestressed replacement 
slabs with a 25 ft span, or new construction slabs with a 20 ft span, were recommended 
(Thiagarajan et al. 2010).   
University of Wisconsin 
Researchers at the University of Wisconsin used ABAQUS to conduct a finite element analysis 
of approach slabs under service loading to examine the effect of abutment height, approach slab 
length, and soil sensitivity on approach slab cracking. The model included the roadway, 
approach slab, abutment, fill, bridge deck, and live load truck, as shown in Figure 30. 
 
 
Figure 30. Components considered in numerical model (Oliva and Rajek 2011). 
The approach slab was non-skewed, with a length of 15 ft – 8 in., a thickness of 12 in., and a 
concrete strength of 4000 psi. AASHTO’s HL-93 tandem truck was used in a step-by-step 
analysis to simulate the vehicle passing over the approach slab in 4 in. increments. The study 
concluded that approach slab cracking was more likely to occur when taller abutments were 
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used. The length of the approach slab had little effect on cracking in approach slabs. A stiff soil 
beneath the approach slab reduced the probability of cracks. Cracking was less likely to occur 
when a higher compressive strength was used (Oliva and Rajek 2011). 
Ecole Polytechnique de Montreal 
Researchers at Ecole Polytechnique de Montreal used SAP2000 to conduct a parametric study of 
simply supported slabs with geometries ranging from one to four lane bridges that have a span 
length between 9 ft – 10 in. and 65 ft – 7 in. and skew angles between 0° and 60° (Theoret et al. 
2012). In this study, two grillage arrangements and two types of finite elements were used, as 
shown in Figure 31. 
 
 
Figure 31. Types of grillage arrangements and finite elements (Theoret et al. 2012). 
The objective of this study was to determine the maximum bending moment and shear forces of 
straight and skewed solid slab bridges under uniform traffic loads. The non-orthogonal grillage 
was the preferred arrangement for determining longitudinal bending moments and shear forces in 
skewed slab bridges. The longitudinal bending moment was calculated based on uniform loading 
corresponding to the self-weight of the slab and a 625-kN five-axle truck loading (CSA 2006). 
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The truck loading configurations used to compare the non-orthogonal and orthogonal elements to 
the plate finite elements are shown in Figure 32. Load configurations #1 and #2 are the 
governing load cases for flexure, and load configurations #3 and #4 correspond to the governing 
load cases for shear. The longitudinal bending moments at midspan (along A-A) for truck 
loading configurations #1 and #2 are shown in Figure 33. The bending moment distribution 
obtained from the non-orthogonal grillage model closely matches the plate model bending 
moments. The orthogonal grillage model under-predicted the bending moments when compared 
to the plate models.   
 
 
Figure 32. Truck load configurations (Theoret et al. 2012). 
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Figure 33. Truck bending moment for non-skewed and skewed slabs (Theoret et al. 2012). 
Three-dimensional solid finite elements were able to accurately depict realistic structures, but the 
required mesh refinement was not practical for the level of accuracy that could be achieved. Plate 
finite elements were able to capture secondary bending moments, but were not applicable in 
determining the maximum reaction forces developed at the slab corners due to the combination 
of transverse curvature and skew. The shear forces and secondary bending moments increase 
with skew, while the longitudinal bending moments decrease with skew. The study resulted in 
proposed equations for computing the secondary bending moments and increase in shear forces 
relative to the slab geometry for bridges with one to four lanes, skews up to 60 degrees, and 
spans up to 65 ft – 7 in. (Theoret et al. 2012). 
2.5 SUMMARY OF RELEVANT FINDINGS 
Based on the literature review regarding field monitoring, approach slabs are most commonly 
instrumented with embedded vibrating wire strain gages and displacement transducers 
(crackmeters). Soil settlement is identified as a major cause of cracks in approach slabs. Many 
cracks occur near the abutment, wing wall, and expansion joint. Approach slabs were either 
modeled in SAP2000 or ABAQUS with shell elements. The abutment was modeled using pins, 
whereas the sleeper slab or support on the transition slab / pavement end of the approach slab 
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was modeled as rollers. Soil was modeled as linear springs to study the effect of soil settlement 
on approach slab cracking. A non-orthogonal grillage format yielded more accurate results for a 
skewed slab as compared to an orthogonal grillage. Dead load and truck loading were placed on 
the slabs as surface pressures on individual shell elements. The field instrumentation and 
numerical modeling of this project will be taken into consideration the findings from the 
literature review. 
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CHAPTER 3: SYNTHESIS OF APPROACH SLAB CRACKING 
Photos of approach slab cracking and bridge contracts of forty-six Illinois Tollway bridges were 
studied to identify cracking patterns and bridge parameters that may have an influence on 
approach slab cracking. Based on photos provided by the Illinois Tollway and S.T.A.T.E. 
Testing, such as the one shown in Figure 34, a map showing the direction and location of the 
cracks present in the approach slabs was created for each bridge. The corresponding approach 
slab crack map for the bridge shown in Figure 34 is for example shown in Figure 35. The bridge 
has three travel lanes, two shoulders, and a 57° skew. The arrows denote the direction of traffic 
in the eastbound (EB) and westbound (WB) route, and the numbers in the boxes represent the 
number of cracks present in the approach slab.  
 
 
Figure 34. Photo of cracks in the southwest corner of the east approach slab on the WB Higgins Road bridge. 
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Figure 35. Approach crack map for I-90 Mainline Bridge over Higgins Road. 
The same procedure was followed to create crack maps for approach slabs that had two travel 
lanes and two shoulders. An approach slab crack map for a bridge with two travel lanes, two 
shoulders, and a 21° skew is shown in Figure 36.  
 
 
Figure 36. Approach crack map for I-90 Cross Road Bridge on Genoa Road. 
Cracking patterns were drawn from the approach slab crack maps and are shown in Table 4. 
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Table 4. Approach slab cracking patterns from crack maps. 
 
Skew Bridges with 3 Travel Lanes Bridges with 2 Travel Lanes 
Lower than 30° 
• Few cracks appear in the 
shoulders or corners 
• Cracks usually run in the travel 
lanes and are parallel to traffic 
(longitudinal cracks) 
Higher than or 
equal to 30° 
• Many diagonal cracks present in travel lanes and shoulders 
• Cracks concentrated in acute corners and develop towards the obtuse 
corners 
• Cracks originate from either the expansion or construction joints and are 
perpendicular to the joints 
The number of cracks for each approach slab of each bridge was compared with pertinent 
information from the bridge contracts to identify parameters that are common among bridges 
with many approach slab cracks and synthesized into a spreadsheet. A condensed example of the 
spreadsheet detailing bridge information and the number of cracks present per approach slab is 
shown in Table 5, Table 6, and Table 7. The color coding shown in the legends of Table 5, Table 
6, and Table 7 apply to the color coding in Table 8 – Table 12.  
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Table 5. Bridge data and number of cracks present in each approach slab. 
 
 
 
Table 6. Bridge data and number of cracks present in each approach slab (continued). 
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Table 7. Bridge data and number of cracks present in each approach slab (continued). 
 
 
The documented parameters in Table 5, Table 6, and Table 7 include general bridge information 
(contract number, structure number, and year constructed), bridge geometry (total length, span 
lengths, width, and skew), the presence of a mechanically stabilized earth (MSE) wall or wing 
wall (and its location), the type of abutment (integral abutment or non-integral abutment), 
whether staged construction took place, whether the bridge is one single structure or two separate 
structures, approach slab and transition slab geometry (length and thickness), and approach slab 
support type (approach-abutment connection, approach-transition support, expansion joint, and 
pressure relief joint). Table 5, Table 6, and Table 7 are discussed below, and conclusions about 
the most pertinent parameters are presented. 
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3.1 MAINLINE BRIDGES 
Mainline Bridges run in the East-West direction and typically have at least three travel lanes and 
two shoulders. Bridge contracts for twenty-four I-90 Mainline Bridges, seven I-390 Mainline 
Bridges, and four I-88 Mainline Bridges were provided by the Tollway.  
3.1.1 I-90 Mainline Bridges 
Among the I-90 Mainline Bridges investigated, all the approach slabs were cast-in-place, 30 ft 
long, 15 in. thick, and adjacent to a 70 ft long transition slab (minimum length of the transition 
slab, where the maximum length may vary along the transverse direction due to skew).  A pile 
bent was used as the only support type under the approach-transition joint, and the common 
length of the approach slab resting on the bent was 15 in. Pertinent bridge information and the 
number of cracks present in each approach slab are shown in Table 8. 
Table 8. I-90 Mainline Bridge parameters and number of cracks in each approach slab. 
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Based on a comparison of the number of cracks in each approach slab and the bridge parameters, 
bridges with approach slabs that had five or more cracks tend to have wing walls that run the 
entire length of the approach slab and the approach slab sits on the wing wall. Non-IABs 
generally exhibit more cracking than IABs. Another trend was that bridges with skews greater 
that 30° were more likely to have approach slab cracking. Although there were several 
exceptions to these patterns, the effect of these bridge parameters on the approach slab will 
certainly be studied with numerical models in the future. 
3.1.2 I-390 Mainline Bridges 
The approach slabs of I-390 Mainline Bridges are all 30 ft long and are 15 in. thick for cast-in-
place slabs and have a total thickness of at least 18 in. for precast slabs.  The precast approach 
slabs have at least a 9 in. thick precast portion with a 9 to 11 in. cast-in-place high performance 
concrete (HPC) topping. Most of the approach slabs were supported by pile bents on the 
approach-transition (pavement) end. As shown in Table 9, there were no strong trends between 
the bridge parameters and the number of cracks among this subset of approach slabs. N/A 
indicates that field inspection photos used to evaluate cracking were not available. 
Table 9. I-390 Mainline Bridge parameters compared with number of cracks in each approach slab. 
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3.1.3 I-88 Mainline Bridges 
All four I-88 Mainline Bridges were semi-integral abutment bridges with cast-in-place approach 
slabs that were 30 ft long and 15 in. thick. At the approach-transition end, there was a 3 in. 
expansion joint and a 70 ft transition slab. Pile bents were used as the support type of the 
approach and transition slabs. As shown in Table 10, there were no strong correlations between 
the bridge parameters and the number of cracks present for this subset of approach slabs. 
Table 10. I-88 Mainline Bridge parameters compared with number of cracks in each approach slab. 
 
 
 
3.2 CROSS ROAD BRIDGES 
Cross Road Bridges run in the North-South direction and usually have two travel lanes and two 
shoulders. Bridge contracts for twenty-one I-90 Cross Road Bridges and two I-88 Cross Road 
Bridges were provided by the Tollway. 
3.2.1 I-90 Cross Road Bridges 
Each I-90 Cross Road bridge consisted of one structure that carried both directions of traffic. The 
approach slabs were all 30 ft long and 15 in. (cast-in-place) or 16 in. (precast) thick. There was 
no transition slab between the approach slab and pavement. Vertical anchor rods were used as 
the connection between cast-in-place approach slabs and abutments, whereas dowel rods were 
used as the connection between precast approach slabs and abutments. Most of the approach 
slabs were supported by an approach footing (sleeper slab) of various lengths at the approach-
pavement end.  The width of the expansion joints varied from 1.5 to 2 in.  Most of the bridges 
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had wing walls, of which the lengths varied between 10 ft and 15.5 ft (measured from the 
abutment). As shown in Table 11, a general trend was that older approach slabs (built in 2013 or 
2014) were more likely to have cracks.  
Table 11. I-90 Cross Road Bridge parameters compared with number of cracks in each approach slab. 
 
 
 
For approach slabs with shorter support lengths on the approach footing, cracking appeared to be 
more severe. Two exceptions to this pattern were the approach slabs at Garden Prairie Rd. and IL 
Rt. 25 Interchange Ramp, where the lengths of the slab resting on the approach footing were 7 ft 
and 1 ft – 3 in., respectively. All precast approach slabs had at least one crack. 
3.2.2 I-88 Cross Road Bridges 
Both I-88 Cross Road Bridges were IABs with no transition slab or expansion joint at the 
approach-pavement end. Approach footings were used as the support type at the approach-
pavement end. The approach slabs were cast-in-slabs that are 30 ft long and 15 in. thick. There 
were no clear relationships between the bridge parameters and the number of cracks present in 
the approach slabs, as shown in Table 12. 
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Table 12. I-88 Cross Road Bridge parameters compared with number of cracks in each approach slab. 
 
 
 
3.3 RE-INSPECTION OF SELECTED APPROACH SLABS 
The photos of approach slab cracks used in the above assessment were provided by the Illinois 
Tollway in September 2016, and new cracks may have formed in the approach slab since the 
photos were taken. Re-inspections of selected approach slab cracks provide new information 
about progression of cracking over time and improve identification of cracking trends. The key 
features of these field surveys include taking photos and recording the locations of the cracks and 
measuring the length of the cracks. 
Several bridges were selected for a re-inspection, and additional re-inspections will be conducted 
periodically in the future. The I-90 Mainline Bridge over the Kishwaukee River was selected 
because several embedded strain gages were installed in the approach slabs for a prior project. 
The I-90 Mainline Bridge over US-20 was chosen because three out of four approach slabs had 
five or more cracks. The I-90 Cross Road Bridge on Irene Road was chosen because both North 
and South approach slabs had seven or more cracks.  Lastly, the I-90 Cross Road Bridge on Brier 
Hill Road was selected because it had the most cracks (two on the North approach slab and five 
on the South approach slab) for a bridge with precast approach slabs. The US-20, Kishwaukee, 
and Irene Road bridges all have cast-in-place approach slab panels.   
The length and location of the cracks in the developed crack maps were identified from 
measurements taken in the initial inspection. The additional cracks discovered in the re-
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inspection followed the previously defined cracking patterns. Figure 37 shows the previous crack 
map for the westbound I-90 Mainline Bridge over US 20 that had 10 cracks present in the east 
approach slab. The updated crack map for the same approach slab is shown in Figure 38.  
 
 
Figure 37. Crack map for WB I-90 Mainline Bridge over US 20, east approach slab. 
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Figure 38. Updated crack map for WB I-90 Mainline Bridge over US 20, east approach slab. 
A major finding from the re-inspection was the presence of fine cracks or “hairline cracks” that 
were not noticeable in the previously provided photos. The thickness of the lines in the crack 
maps approximately correspond to the relative thickness of the cracks in the approach slab. A 
darker line represents a wider crack, whereas a thin crack or hairline crack is represented as a 
lighter line. Only the cracks in the shoulder were measured because the re-inspection did not 
include lane closures. 
The re-inspections confirmed the previously determined cracking trends. For bridges with a skew 
of 30° or larger, cracks generally concentrate in acute corners and run diagonally towards the 
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obtuse corners. Longitudinal cracks are observed in approach slabs with little to no skew. In 
addition to verifying cracking trends, several new cracks have been noticed as well. The re-
inspection allowed previously observed cracks to be defined as either wide or hairline cracks. 
The length and location of the cracks in the shoulders have been measured to provide more 
accurate approach slab cracking maps. 
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CHAPTER 4: AGENCY SURVEY 
Transportation agencies across the nation were surveyed about the general design and 
construction practices for IABs and the performance of approach slabs in IABs and conventional 
bridges. The goal of the agency survey was to learn about bridge parameters that may contribute 
to the development of approach slab cracking in IABs. States of interest were states with a 
similar environmental climate to Illinois or states that have constructed nonplanar approach 
slabs. The majority of the twenty-three states that responded to the survey were states in the 
Midwest. The states that responded to the survey are shown in Figure 39.   
 
 
Figure 39. States that have responded to the agency survey are marked. 
4.1 APPROACH SLAB PERFORMANCE 
4.1.1 Primary Problems with Approach Slabs 
As shown in Table 13, approach slab settlement was the most common problem across states. 
Settlement should be considered as a potential influence on approach slab cracking. Out of the 
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twenty-three states that responded to the survey, approach slab cracking was a primary problem 
in twelve states. Some states did not indicate approach slab cracking as a major concern, but 
approach slab cracking was present. Of the states bordering Illinois, only Kentucky did not 
indicate that approach slabs exhibit cracking. Another common problem among states was the 
presence of a bump at the pavement end of the slab.  
Table 13. Primary issues with approach slabs for each state. 
 
State Cracking Settlement Bump Other 
Alabama     
Delaware X X   
Hawaii     
Illinois X    
Indiana X X   
Iowa  X X  
Kentucky   X  
Louisiana  X  X 
Michigan X X   
Minnesota X X   
Missouri X X   
Montana  X   
Nebraska X    
Nevada X    
New Jersey X X   
North Dakota X X   
Ohio  X  X 
Oklahoma X X X  
South Dakota  X   
Tennessee  X X  
Texas X X   
Vermont    X 
Wisconsin  X  X 
Alabama did not respond to this question and Hawaii did not have any primary problems with 
their approach slabs. Vermont did not list approach slab cracking as a primary problem, but 
pavement cracking at the end of the approach slab was a problem. Ohio noted that the end of the 
approach slabs pulled away from the roadway, allowing drainage to wash out the fines 
supporting the slab. Embankment settlement coupled with the consolidation of soil under the 
approach slab was a major problem for approach slabs in Louisiana. Wisconsin noted that the 
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main problems with approach slabs were maintenance for settled approach slabs, detailing 
complexities, and addressing construction questions or issues. 
4.1.2 Approach Slab Cracking Occurrence 
In Illinois, Missouri, and New Jersey, 50% or more of existing approach slabs had cracks 
present. The percentage of approach slabs that exhibit cracking in Michigan, Delaware, and 
Minnesota was 20% or lower. The percentage of approach slabs that exhibit cracking in the 
remaining states were unknown. 
4.1.3 Approach Slab Cracking Direction and Location 
As shown in Table 14, longitudinal and transverse cracks were commonly observed. Several 
states indicated that approach slab cracks were common near the abutment. 
Table 14. Direction and location of cracks in approach slabs in each state. 
 
State Longitudinal Transverse Diagonal Random Location 
Delaware  X   Midspan. 
Illinois X X X  
At the tops parallel to abutment near the 
abutment. 
Indiana X     
Iowa  X   
Cracks present across entire lane, located about 
10-12 ft. from the end of the bridge and are 
usually full depth cracks. 
Louisiana X X   
Transverse cracking on the bottom / tension 
side and failure across width of slab. 
Michigan  X   
5-7’ from reference line and run parallel to 
reference line. 
Minnesota  X X  
Cracks present in obtuse corners of skewed 
bridges. Cracking present around the support 
points for settled panels. The crack will follow 
the joint for complicated pourable joint layouts.  
Missouri    X  
Nebraska X   X Abutment joints. 
Nevada      
New Jersey  X    
North Dakota X X X  
Mid-panel transverse cracking, longitudinal 
cracking at the ends of the approach slab where 
they are tied to the end walls, and diagonal 
cracking on skewed approach slab ends. 
Ohio X X    
Oklahoma X     
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Table 14 (cont.)     
State Longitudinal Transverse Diagonal Random Location 
Texas X  X  
Initiate at the abutment backwall and extend 
towards the departure end. On skewed bridges 
with a skewed approach slab, cracking is 
diagonal – typically normal to backwall. 
Wisconsin X    
The 1/2 and/or 1/3 points along slab width, and 
typically run parallel to traffic, terminating at 
the bridge deck. 
 
4.1.4 Performance of Approach Slabs in Conventional Bridges and IABs 
Specific responses for states that indicated observed differences between the performance of 
approach slabs in conventional bridges and IABs are shown in Table 15. 
Table 15. Differences between the performance of approach slabs in conventional bridges and IABs. 
 
State Observed Differences 
Indiana 
Different pavement ledge details have been used over the years with mixed results. 
Approach slabs are detailed as trapezoidal in Indiana leading to issues for wide 
bridges on large skews. 
Iowa 
The IAB approach slabs are not tied to the abutment. In terms of cracking, there are 
no major differences. 
Michigan 
There have been less issues with approach slabs in conventional bridges compared to 
approach slabs in IABs.  
Minnesota 
The joint between the approach slab and pavement deteriorates faster and is harder to 
seal. 
Nebraska 
Approach slabs did not have to be connected to backwall abutments for conventional 
bridges. 
North Dakota Approach slabs in IABs are more prone to settlement issues.  
Ohio Approach slabs in IABs move with the bridge and open up a gap.  
Oklahoma IABs tend to have more bumps and settlement than conventional bridges.  
Approach slabs in IABs had more issues than approach slabs in conventional bridges in terms of 
settlement, bumps, and deterioration of the expansion joint. 
4.1.5 Instrumented or Studied Approach Slabs 
Illinois, Missouri, North Dakota, Louisiana, Wisconsin, Iowa, and New Jersey have instrumented 
or studied approach slabs.  
• In addition to the current approach slab project, the University of Illinois at Urbana-
Champaign has analyzed the behavior of IABs with composite steel girders under thermal 
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loading and conducted field monitoring on two bridges. One approach slab at one of the 
two bridges were instrumented with embedded strain gages. Numerical simulations of the 
instrumented bridges were compared with field data (LaFave et al. 2016).  
• The University of Missouri conducted a nonlinear finite element analysis on reinforced 
concrete bridge approach slabs (Roy and Thiagarajan 2007). 
• North Dakota has studied or instrumented approach slabs, but did not provide a source 
for the study. 
• The Louisiana Transportation Research Center has developed a new design for bridge 
approach slabs with an increased flexural rigidity and used a reinforced soil foundation to 
minimize the bump at the end of the bridge (Abu-Farsakh and Chen 2014).   
• The University of Wisconsin-Madison has instrumented an approach slab with strain 
gages and deflection gages in a traffic lane (Oliva and Rajek 2011).  
• Iowa State University has studied the IAB abutment-to-approach slab connection and 
instrumented a precast approach slab tied to an IAB (Greimann et al. 2008).   
• Rutgers University has conducted a finite element analysis on bridge approach and 
transition slabs in addition to monitoring a bridge approach slab in New Jersey (Nassif et 
al. 2002) and (Nassif et al. 2007).   
4.2 APPROACH SLAB ANALYSIS, DESIGN, AND CONSTRUCTION 
4.2.1 Analysis & Design of Approach Slabs in Conventional Bridges & IABs 
Nebraska, Alabama, and New Jersey were the only states that currently use different criteria to 
analyze or design approach slabs in conventional bridges and IABs. Nebraska indicated that 
approach slabs in conventional bridges and IABs have different connections. Alabama accounts 
for negative movement in the analysis of approach slabs in conventional bridges. New Jersey 
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designs approach slabs that are shorter in length for IABs. Texas is investigating and evaluating 
different approach slab designs and detailing practices. Indiana is considering designs that are 
intended to eliminate problems for slabs with large skews. 
4.2.2 Approach Slab Guidelines 
Illinois, Kentucky, Missouri, Ohio, North Dakota, and Louisiana use supplemental criteria in 
addition to the American Association of State Highway and Transportation Officials (AASHTO) 
guidelines in designing approach slabs. The Illinois Tollway uses the IL-120 live load in addition 
to the AASHTO HL-93 live load. Kentucky uses a standard 25 ft. length approach slab that is 
analyzed to be supported only at the ends. Missouri uses additional requirements in the design of 
approach slabs based on their own research. Ohio designs the approach slabs to be 75% of the 
bridge span length. North Dakota assumes that there are voids beneath the approach slab and 
designs the approach slab as a slab bridge. Louisiana developed a truck model that is heavier 
than the AASHTO HL-93 model.  
4.2.3 Methods to Minimize Approach Slab Cracking 
A variety of methods are used in the effort to minimize approach slab cracking. As shown in 
Table 16, an increase in reinforcement is the most common method to minimize approach slab 
cracks. Alabama and Nevada did not respond to this question in the survey. 
Table 16. Methods taken to minimize approach slab cracking. 
 
State Method 
Alabama  
Delaware Approach slabs restricted to have a maximum length of 30’. 
Hawaii Not aware of any.  
Illinois 
In addition to increasing the transverse reinforcement, the Illinois DOT plans to 
sawcut along lane lines to allow cracking to form there in order to minimize 
cracking in approach slabs. The Tollway is looking into a concrete mix design 
that will help minimize approach slab cracking.  
Indiana 
Top and bottom reinforcing, control joints, compaction requirements, and 
uniform length approaches are being considered. 
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Table 16 (cont.)  
State Method 
Iowa 
First 20 feet of the panel designed as a doubly reinforced section and have also 
increased the support width to allow more movement on an IAB. Also, they 
have a better process for placing the fill behind the abutment footing to 
minimize the settlement.  
Kentucky Buried approach slabs. 
Louisiana 
The approach slab design considers the slab as a simply supported slab (full 
loss of contact with the underlying soil) and is designed for full moment 
capacity under the heaviest truck loads.  
Michigan Top and bottom reinforcement are used in approach slabs to minimize cracking.  
Minnesota 
A 3-day wet cure, low slump wearing coarse is placed on approach slabs when 
applied to bridge deck. The approach barrier is on the approach panel and not 
on the wingwall. A stainless-steel dowel bar from abutment to approach slab is 
used. Two layers of reinforcement are used. Polypropylene fibers are used to 
prevent settlement cracks. Plastic is placed below the approach slab to help 
with IABs. After wet cure, alpha-methylstyrene (AMS) curing compound is 
applied.  
Missouri 
Heavily reinforced slabs (top and bottom, laterally and longitudinally) to 
decrease cracking in approach slabs. 
Montana 
Design approach slabs in the same manner as bridge spans to minimize 
cracking.  
Nebraska Piles are used under sleeper slabs to prevent settlement. 
Nevada  
New Jersey 
Old conventional approach slabs were cast in one pour. New conventional 
approach slabs are cast in several individual sections separated by longitudinal 
controlled joints and transverse expansion joints to accommodate movements, 
thus minimizing cracking.  
North Dakota 
The thickness and reinforcement were increased for the approach slabs and the 
skew on the approach slabs was limited to 45 degrees.  
Ohio A sealed joint added between the end of the approach slab and the pavement. 
Oklahoma Reinforcing steel in the top and bottom of their approach slabs. 
South Dakota 
A short bar added in the top mat immediately adjacent to the joint between the 
bridge and the approach slab. 
Tennessee None. 
Texas 
Approach slabs are treated similar to the bridge decks in regard to wet curing in 
order to minimize approach slab cracking.  
Vermont Vermont uses 7-day wet cure cast-in-place approach slabs.  
Wisconsin 
Slabs are reinforced on all faces and in each direction with #5's at 1'-0" on 
center in addition to flexural reinforcement (#8's at 7 ½") and concrete is placed 
based on bridge specifications.  
Other popular methods include: increasing the slab thickness, limit skew to 45°, designing 
approach slabs as simply supported, adjusting the concrete mixture and wet curing process, 
sawcut along lane lines, and casting approach slabs in several individual sections. 
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4.2.4 Standard Type of Approach Slab Used in Construction 
Illinois, Nebraska, and Vermont use both cast-in-place and precast approach slabs in both 
conventional bridges and IABs. Texas uses both cast-in-place and precast approach slabs in 
conventional bridges as it does not have many IABs. The Illinois Tollway uses precast approach 
slabs if the length from the end of the abutment to the centroid of stiffness is larger than 130 ft. 
In Nebraska and Vermont, precast approach slabs are used with Accelerated Bridge Construction 
(ABC). 
4.2.5 Standard or Limit to Approach Slab Length and Thickness 
Montana, Texas, and Minnesota do not have a standard or maximum limit to approach slab 
length and thickness. As shown in Table 17, common approach slab lengths are 20 ft to 30 ft and 
common thicknesses are 12 in. to 16 in. 
Table 17. Limits for approach slab length and thickness. 
 
State None Length Thickness 
Alabama  As needed As needed 
Delaware  30' 16" 
Hawaii  20'  
Illinois  30' 15" 
Indiana  20.5' (short end of skew)  
Iowa  20' 12" 
Kentucky  25' 17" 
Louisiana  25' 
24" along centerline; 
18" at shoulders 
Michigan  20' 12" 
Minnesota X   
Missouri  20' 12" 
Montana X   
Nebraska  20' 14" 
Nevada  24' 12" 
New Jersey  25' (conventional); 10' (IAB)  
North Dakota  20'; 40' (pile supported slabs at middle & end) 14" 
Ohio  15'; 20'; 25'; 30' 12"; 13"; 15"; 17" 
Oklahoma  30' 13" 
South Dakota  20' (no skew); 15' (short end of skew) 9" 
Tennessee  24' 12" 
Texas X   
Vermont  20' (skew < 35°); 25' (skew > 35°)  
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Table 17 (cont.)    
State None Length Thickness 
Wisconsin  20' 16" 
 
4.2.6 Standard Approach Slab-to-Abutment Connection 
The type of connection used at the approach slab-to-abutment varies between states, as shown in 
Table 18. However, dowels are the most common type of connection used across states. 
Table 18. Typical approach slab-to-abutment connection. 
 
State Approach Slab-to-Abutment Connection 
Alabama A positive connection. 
Delaware 
A hook bar is used as the standard approach slab-abutment connection type. 
The approach slab rests on end diaphragm. 
Hawaii Dowels. 
Illinois 
A vertical #5 reinforcement at 12” spacing is the standard approach slab-
abutment connection used in Illinois DOT bridges. Grout in place is the 
standard approach slab-abutment connection used for the Tollway bridges. 
Indiana A longitudinal reinforcing through cold joint. 
Iowa 
A corbel support that is 15" wide with no physical connection between the 
abutment and slab. 
Kentucky Dowels. 
Louisiana 
The slab and end bent are bonded with an adhesive and tied together using #6 
bars at 7” on center. 
Michigan 
A bottom mat of steel extending from the deck into the approach slab and 
lapped with approach slab steel. 
Minnesota 
An 8" wide corbel on back side abutment with single mat of stainless dowel bar 
from abutment to AP. AP thicker at abutment location. 
Missouri A single row of #5’s at 12” spacing. 
Montana Pinned connection. 
Nebraska Simple span pinned connections 
Nevada Nevada did not respond to this question. 
New Jersey Pinned connection. 
North Dakota 
Approach slabs are tied to the abutment endwall. The approach slab sits on a 
10” corbel. 
Ohio Reinforcing steel #8 hooked bars at 18” on center. 
Oklahoma Rebar in the bottom of the deck extending into the bottom of the approach slab. 
South Dakota No. 7 dowels at 18” spacing. 
Tennessee 
A rebar connection from the backwall into the approach slab through roadway 
bracket. 
Texas No standard approach slab-abutment connection type for IABs. 
Vermont No. 8 dowels at 12” spacing are fixed to the abutment. 
Wisconsin 
The slab is tied to the abutment with 'z' shaped stainless-steel bars (#9 at 1'-0" 
o.c.) and supported by a 1'-0" wide paving notch. The paving notch is coated a 
protective surface treatment prior to the approach pour to act as bond breaker 
and for added protection. 
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4.2.7 Type of Support Used for the Transition / Pavement End of the Slab 
Sleeper slabs and pile bents are commonly used for support at the transition / pavement end of 
the approach slab. IDOT uses sleeper slabs, while the Tollway uses pile bents as the type of 
support at the transition / pavement end of the approach slab. Nebraska, Hawaii, and Iowa use a 
different type of support other than a pile bent or sleeper slab. Nebraska uses 2 ft. – 6 in. concrete 
beams on deep pile foundation. Hawaii uses a thickened edge at the transition / pavement end of 
the approach slab. Iowa uses 12 in. by 12 in. cast-in-place pavement lugs. The specific types of 
support used by each state are shown in Table 19. 
Table 19. Type of support used for the transition / pavement end of the approach slab. 
 
State Pile Bent Sleeper Slab None Other 
Alabama  X   
Delaware  X   
Hawaii    X 
Illinois X X   
Indiana  X   
Iowa    X 
Kentucky   X  
Louisiana  X   
Michigan  X   
Minnesota  X   
Missouri X    
Montana  X   
Nebraska    X 
Nevada     
New Jersey  X   
North Dakota X    
Ohio  X   
Oklahoma   X  
South Dakota  X   
Tennessee  X   
Texas  X   
Vermont   X  
Wisconsin  X   
 
4.2.8 Material Used Beneath the Approach Slab to Reduce Friction with Soil 
As shown in Table 20, polyethylene sheeting is commonly used beneath the approach slab to 
reduce friction with the soil. Nebraska uses a granular backfill underneath the approach slab to 
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reduce friction with the soil and Texas uses a 1 in. Aluminum Composite Panel (ACP) stress 
relieving pad between the approach slab and subgrade.  
Table 20. Material used beneath the approach slab to reduce friction with the soil. 
 
State None Polyethylene Sheeting Other 
Alabama X   
Delaware  X  
Hawaii X   
Illinois  X  
Indiana X   
Iowa X   
Kentucky X   
Louisiana  X  
Michigan X   
Minnesota  X  
Missouri X   
Montana X   
Nebraska   X 
Nevada    
New Jersey  X  
North Dakota X   
Ohio X   
Oklahoma X   
South Dakota  X  
Tennessee X   
Texas   X 
Vermont  X  
Wisconsin  X  
 
4.3 GENERAL IAB DETAILS 
4.3.1 Existing and Planned Bridges that are IABs 
As shown in Table 21, many states are planning to build more IABs in the future. 
Table 21. Percentage of existing and new bridges that are IABs. 
 
State 
Percentage of existing 
bridges that are IABs 
Percentage of new and planned 
bridges that are IABs 
Alabama 10 75 
Delaware < 5 > 75 
Hawaii Unsure 98 
Illinois 50 90 
Indiana Unsure 100 
Iowa 39 Anything < 600' 
Kentucky 40 85 
Louisiana 2 bridges Unsure / minimal 
Michigan 30 70 
Minnesota 10 80 
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Table 21 (cont.)   
State 
Percentage of existing 
bridges that are IABs 
Percentage of new and planned 
bridges that are IABs 
Missouri 50 95 
Montana 1 1 
Nebraska Most All 
Nevada   
New Jersey 0.24 Unsure 
North Dakota Majority As much as possible 
Ohio Big percentage All 
Oklahoma 7 5-10 
South Dakota 70 90 
Tennessee 50 90 
Texas < 1 0 
Vermont 5 50 
Wisconsin 50 90 
 
4.3.2 Length and Skew Limits for IABs 
Many states have a maximum skew of 30 degrees for IABs. IABs with concrete girders are 
approximately double the length of steel girder IABs. Specific IAB length and skew limits for 
each state are shown in Table 22. Nevada did not respond to this question. 
Table 22. Limits for IAB length and skew. 
 
State Length Skew 
Alabama  60° 
Delaware 400' 30° 
Hawaii Not aware of any Not aware of any 
Illinois 610' (IDOT); 550' (Tollway) 45° 
Indiana 
1000' (h-piles up to 30° skew & then 800' linear reduction at 60°); 500' 
(shell piles up to 30° & then 300' linear reduction at 60°) 
30° 
Iowa 
575' (prestressed girders & 0 skew); 425' (for 45° skew); 400' (steel 
girder & 0 skew); 300' (for 45° skew) 
45° 
Kentucky 500' None 
Louisiana N/A N/A 
Michigan 300' (steel); 400' (concrete) 30° 
Minnesota Linear limit Linear limit 
Missouri 600' (prestressed concrete); 400' (steel) N/A 
Montana 300' 30° 
Nebraska None None 
Nevada   
New Jersey 450' 30° 
North Dakota 400' 30° 
Ohio 400' 30° 
Oklahoma 300' None 
South Dakota 350' (steel girder); 700' (concrete girder) 30° 
Tennessee 400' (steel girder); 800' (concrete) None 
Texas None None 
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Table 22 (cont.)   
State Length Skew 
Vermont 395' (steel); 695' (concrete) 20° 
Wisconsin 
150' (steel girders and 40° skew); 300' (concrete girders and 40° skew); 
300' (concrete slabs and 30° skew) 
30° 
IABs with a maximum span length of either 300 feet or 400 feet are the most common across 
states. IAB length and skew limits are commonly based on experience and the consensus of other 
state practices. The length and skew limits for IABs in Missouri, Oklahoma, Michigan, South 
Dakota Montana, Ohio, and Iowa are based on experience. The IAB length and skew limits in 
Michigan and North Dakota are based on other state guidelines in addition to experience and 
performance history. The length and skew limits for IABs in Delaware are based on research and 
practice of other states. 
4.3.3 Type of Foundation Used at the Abutments in IABs 
Many states use HP piles in the weak axis orientation as the foundation type at the abutments in 
IABs. Nebraska, Alabama, North Dakota, Wisconsin, and Tennessee use HP piles in the strong 
axis orientation. Several states also use shell piles or drilled shafts at the abutments in IABs. The 
specific type of foundation used at the abutments in IABs for each state is shown in Table 23. 
Table 23. Type of foundation used at the abutments in IABs. 
 
State HP Piles Weak Axis HP Piles Strong Axis Other 
Alabama  X   
Delaware X    
Hawaii   Drilled shafts. 
Illinois X  Metal shell piles. 
Indiana X  Concrete filled steel shells. 
Iowa X    
Kentucky   Depends on height of IAB. 
Louisiana X    
Michigan X    
Minnesota X  CIP shell piles. 
Missouri X    
Montana   Varies. 
Nebraska X X   
Nevada     
New Jersey X    
North Dakota  X   
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Table 23 (cont.)    
State HP Piles Weak Axis HP Piles Strong Axis Other 
Ohio X    
Oklahoma X    
South Dakota X    
Tennessee  X Steel pipe lines. 
Texas   Drilled shafts, prestressed concrete piling 
Vermont X    
Wisconsin  X Spread footings bearing on soil or rock. 
 
4.4 COMPARISON OF CRACKING TRENDS 
Many states that indicated approach slab cracking as an issue in their state described approach 
slab cracks occurring near the abutment or abutment joints. Similar to the trend observed in 
skewed approach slabs in the Tollway’s Mainline Bridges, skewed approach slabs in North 
Dakota, Texas, and Minnesota also had cracks that ran diagonally towards the obtuse corners. 
Wisconsin noted that approach slabs exhibited cracks that ran parallel to traffic, which are 
common in the approach slabs of the Tollway Cross Road Bridges that had little to no skew. 
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CHAPTER 5: INSTRUMENTATION DETAILS 
The Eastbound-West (EB-W) approach slab of the I-390 Mainline Bridge over Arlington Heights 
Road and the Eastbound-East (EB-E) approach slab of the I-390 Mainline Bridge over Prospect 
Avenue in Itasca, IL were chosen for instrumentation. The location and proximity of the two 
bridges are shown in Figure 40, where ‘A’ represents the bridge over Arlington Heights Road 
and ‘P’ represents the bridge over Prospect Avenue.  
 
 
Figure 40. Location of I-390 Mainline Bridge over Arlington Heights Road and I-390 Mainline Bridge over 
Prospect Avenue. 
The bridges and specific approach slabs were selected based on the construction schedules and 
similarities in bridge traffic and approach slab geometry and boundary conditions. The bridge 
plans for the instrumented approach slabs are outlined in Figure 41 and Figure 42. 
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Figure 41. Arlington Heights Road bridge plan and instrumented approach slab (Illinois Tollway). 
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Figure 42. Prospect Avenue bridge plan and instrumented approach slab (Illinois Tollway). 
Key bridge and approach slab geometry and boundary condition parameters are shown in Table 
24.  
Table 24. Geometry and boundary conditions of instrumented bridges and approach slabs. 
 
 Arlington Heights Road Prospect Avenue 
Structure Number 1633 1635 
Spans 129’-11 ¼” 124’-6”-103’-1” (West to East) 
Total Length 133’-8 1∕8” 227’-7” 
Width 100’-8 ¼” at approach slab Varies 66’-10” to 67’-3 3∕8” 
Skew 10˚40’22’’ 16˚9’32’’ 
Approach Slab Type Cast-in-place Precast 
Slab Thickness 15” 16” 
Slab Length 30’ 30’ 
Expansion Joint 3” opening, at transition slab side 2.5” opening, at transition slab side 
Support at Exp. Joint Pile bent under the slab Pile bent under the slab 
 
5.1 SITE DETAILS 
The EB-W approach slab at Arlington Heights Road was constructed beginning in June 2017 and 
instrumented during the construction period. The EB-E approach slab at Prospect Avenue 
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consists of 5 precast panels that were fabricated and instrumented at the Utility Concrete 
Products (UCP) precast plant in Morris, IL from April 2017 to June 2017. The panels were 
installed in the field in July 2017. All components of the data acquisition systems were installed 
at the median between the Eastbound and Westbound structures for both bridges. 
5.2 INSTRUMENTATION GOALS 
The main goals of instrumenting approach slabs are to develop a comprehensive understanding 
of approach slab behavior and to validate numerical approach slab models. The strain in the 
concrete slab is one of most important concerns in the study because it relates to the loads 
applied to the slab and the thermal stresses developed in the slab due to boundary conditions. 
Thermal expansion or contraction of each component of the bridge structure, such as the deck, 
abutment, and approach slab, will produce volumetric changes and lead to an overall approach 
slab displacement in the longitudinal direction.  
5.3 EMBEDDED STRAIN GAGES AND CRACKMETERS 
Vibrating wire embedded strain gages (Model 4200) from Geokon, Inc. were installed in both 
approach slabs. Each embedded strain gage can provide the concrete strain in one direction and 
the temperature. Four different combinations of strain gage positions used throughout the 
approach slabs are shown in Figure 43.  
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Figure 43. Cross section of embedded strain gage combinations. 
Strain gages that were attached to the top mat of reinforcement were attached below a 
longitudinal or transverse rebar. Strain gages that were attached to the bottom mat of 
reinforcement were attached above a longitudinal rebar. An example of a location with three 
strain gages installed prior to concrete placement is shown in Figure 44. 
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Figure 44.  Close-up of longitudinal top, longitudinal bottom, and transverse top gages at Arlington Heights 
Road. 
The strain gages were attached to stackable chairs (Part No. 3058-SC) from Polylok Inc. via zip 
ties and the chairs were then fastened to reinforcing bars using rebar ties. The wires from the 
strain gages were secured along reinforcing bars and routed to a predetermined exit location. The 
gage installation plans for the approach slab at Arlington Heights Road and Prospect Avenue are 
shown in Figure 45 and Figure 46, respectively. The wires from the embedded strain gages left 
the slab through exit locations represented by hollow arrows in Figure 45 and blue arrows in 
Figure 46. The precast slab was composed of five panels that were cast separately. The strain 
gage wires exited the precast panels on the east side of the slab and were then routed along the 
expansion joint.  
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Figure 45. Layout of sensors installed at Arlington Heights Road. 
The naming convention abbreviations correspond to the north shoulder (NS), south shoulder 
(SS), lane 1 (L1), lane 2 (L2), lane 3 (L3), gore (G), and ramp (R), respectively. The longitudinal 
lines were designated a number from 1 to 9 because there are two rows of embedded strain gages 
in the north and south shoulders. On each longitudinal line, strain gages were spaced 
approximately equally along the length of the 30 ft slab.  
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Figure 46. Layout of sensors installed at Prospect Avenue. 
Also shown in Figure 45 and Figure 46, are the displacement transducers or crackmeters located 
at each corner of the slab. Crackmeters (Model 4420) from Geokon Inc. were installed at the 
approach slab-to-abutment and approach slab-to-transition slab interfaces to monitor the relative 
movement of the approach slab. Figure 47 shows an example of a crackmeter installed at the 
approach slab-to-abutment interface at Arlington Heights Road. 
6’ 6’ 
6’ 6’ 
4’ – 5” 
4’ – 5” 
5’ 
5’ 
7’ 
6’ 
7’ – 6” 
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Figure 47. Southeast crackmeter connecting the approach slab (left) and abutment (right) at Arlington 
Heights Road. 
Due to asphalt pavement at the north shoulder of the adjacent transition slab, wires from the 
crackmeters at the south end of the approach slab at Arlington Heights Road were unable to pass 
through the expansion joint to connect to the data acquisition system on the north end of the slab. 
Instead, the crackmeters at the south end of the approach slab were routed along the east side of 
the slab, under bridge girders, and along the top of the MSE wall, as shown in Figure 48. 
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Figure 48. Looking south, crackmeter wires wrapped in corrugated loom running along the top of the MSE 
wall from the south end to the north end of the approach slab at Arlington Heights Road. 
Wires from the crackmeters at the south end of the approach slab at Prospect Avenue and wires 
from the embedded gages were routed through the expansion joint towards a data acquisition 
system located at the north side of the slab.  
5.4 DATA ACQUISITION SYSTEM 
The data acquisition system located north of each approach slab consisted of two multiplexers 
(Model 8032-16 and Model 8032-32), a datalogger (Model 8600-1), a cellular modem (Sierra 
Wireless Airlink RV50), a 12V-14 Ah battery, a 20W solar panel, and three grounding rods. All 
instruments were sourced from Geokon Inc., with the exception of the cellular modem. The 
datalogger, muliplexers, and solar panel at Arlington heights are mounted on two posts as shown 
in Figure 49. A similar configuration was used at Prospect Avenue. 
Wires wrapped in 
corrugated loom 
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Figure 49. Looking north, data acquisition at Arlington Heights Road. 
Wires from the embedded gages and crackmeters feed into the two multiplexers. One multiplexer 
can read both strain and temperature from embedded strain gages or displacement and 
temperature from crackmeters. The second multiplexer can only read strains or displacements. 
The data from the multiplexers are then stored in the datalogger. The cellular modem allows 
remote access to the collected data. A grounding rod was connected to each of the datalogger and 
multiplexer terminal boxes and spaced 12 ft apart to prevent the rods from affecting one another. 
The solar panel and battery power the entire the system. 
5.5 PRELIMINARY DATA 
Several strain gages have been selected to show preliminary data collected via the data 
acquisition system in increments of ten minutes. The change in raw strain data with time for both 
approach slabs are shown in Figure 50 and Figure 51.  
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Figure 50. Raw strains of sample strain gages at Arlington Heights Road approach slab. 
 
The data acquisition system was able to consistently record strain readings at Arlington Heights, 
whereas strain readings from Prospect Avenue were unavailable between mid-May and mid-June 
due to a short in a circuit board. 
 
 
Figure 51. Raw strains of sample strain gages at Prospect Avenue approach slab. 
 
In addition to recording the strain from the embedded strain gages, temperature in the approach 
slab was also recorded for both bridges, as shown in Figure 52 and Figure 53. 
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Figure 52. Temperatures of sample strain gages at Arlington Heights Road approach slab. 
 
Generally, the temperature measured from the top and bottom gages are similar. However, the 
temperature at the top mat of reinforcement changes more drastically than the temperature at the 
bottom mat of reinforcement. During hot months, the gages at the top record a higher 
temperature than the bottom gages and during cool months, the gages at the top record a lower 
temperature than the bottom gages. (Although strain readings for one bridge were not available 
between mid-May and mid-June, several temperature readings were still able to be collected by 
the data acquisition system.) The temperatures recorded at both bridges are similar throughout 
the collection period. 
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Figure 53. Temperatures of sample strain gages at Prospect Avenue approach slab. 
 
A brief comparison of the how the strains change with temperature for both approach slabs are 
shown in Figure 54 and Figure 55.  
 
 
Figure 54. Raw strains and temperatures of sample strain gages at Arlington Heights Road approach slab. 
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Figure 55. Raw strains and temperatures of sample strain gages at Prospect Avenue approach slab. 
 
The trends between strain and temperature in both slabs are consistent. As temperature increases, 
the raw strain readings decrease. Due to the different coefficients of thermal expansion between 
the concrete and the wire in the embedded strain gages, these raw strain readings must be further 
post-processed in order to provide a better explanation of the actual approach slab behavior with 
respect to a change in temperature.  
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CHAPTER 6: NUMERICAL MODELING 
Approach slabs were modeled in SAP2000 using linear elastic layered shell elements. Top and 
bottom mats of reinforcement were modeled using an orthotropic smeared approach. Interior 
elements were modeled as rectangular elements that were 10 in. long and 20 in. wide. This 
element size was based on AASHTO’s HL-93M and HL-93K truck tire contact area. Triangular 
elements were used at the edges of skewed approach slabs, as shown in Figure 56. 
 
 
Figure 56. Rectangular internal elements and triangular edge elements of a skewed approach slab. 
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6.1 APPROACH SLAB GEOMETRY AND MATERIAL PROPERTIES 
Each approach slab’s length and thickness were modeled after the most common thickness and 
length of cast-in-place approach slabs used by the Tollway. The approach slabs had a length of 
30 ft and a thickness of 15 in. The width of the modeled approach slabs was based on a bridge 
with two shoulders and three travel lanes, as shown in blue in Figure 57, where each shoulder 
and lane are 12 ft wide. The resulting width of the approach slabs is 60 ft. A concrete 
compressive strength of 4000 psi was used. The self-weight of the concrete was neglected but 
then added as a dead load in the loading case. Reinforcing bars were modeled using A615 Gr. 60 
steel. 
 
 
Figure 57. Three travel lanes and two shoulders of an approach slab with no skew. 
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6.1.1 Skew of 0°, 15°, 30°, 45°, and 60° 
Based on the agency survey reported in Chapter 4, most states did not use approach slabs with a 
skew greater than 45°. However, some states had a maximum skew limit of 60°. Approach slabs 
were therefore modeled with skews of 0°, 15°, 30°, 45°, and 60° from the transverse direction. 
Models for each skew are shown in Figure 58, Figure 59, Figure 60, Figure 61, and Figure 62. 
 
 
Figure 58. Mesh for model of approach slab with 0° skew. 
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Figure 59. Mesh for model of approach slab with 15° skew. 
 
 
 
Figure 60. Mesh for model of approach slab with 30° skew. 
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Figure 61. Mesh for model of approach slab with 45° skew. 
 
 
 
Figure 62. Mesh for model of approach slab with 60° skew. 
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6.1.2 Reinforcement Bar Size and Spacing 
The reinforcing bar size and spacing were modeled after the reinforcement details from the 
approach slab at Arlington Heights Road. The reinforcement size and spacing used for each 
approach slab model are shown in Figure 63.  
 
 
Figure 63. Reinforcement size and spacing. 
Direction 1 corresponds to the longitudinal direction (parallel to traffic) and Direction 2 
corresponds to the transverse direction. The shell section layer definition is shown in Figure 64. 
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Figure 64. Shell section layer definition. 
6.2 ASSUMPTION OF BOUNDARY CONDITIONS 
The soil beneath the approach slabs was assumed to have settled. Approach slabs were modeled 
as simply supported, simply supported with partial wing walls, or simply supported with full 
wing walls. An elevation of an approach slab resting on a wing wall near the abutment is shown 
in Figure 65. 
 
 
Figure 65. Approach slab resting on a wing wall near the abutment (Illinois Tollway). 
Top of wing wall 
near abutment 
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6.2.1 Simply Supported 
Based on an assumption of soil settlement beneath the slab, the approach slabs were modeled as 
simply supported. The expansion joint end of the slab was modeled with roller supports, and the 
abutment end of the slab was modeled with pin supports. The model of a simply supported slab 
with 15° skew is shown for example in Figure 66. 
 
 
Figure 66. Simply supported approach slab with 15° skew. 
6.2.2 Simply Supported with Partial Wing Wall 
Based on the synthesis of existing bridges in Illinois, several Mainline Bridges had severe 
approach slab cracking issues when wing walls were present. A partial wing wall was therefore 
Transition Slab 
Abutment 
Roller 
Pin 
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modeled with roller supports on the outside of the shoulders. The wing wall is approximately 
half the length of the approach slab. The model of a simply supported slab with a partial wing 
wall and 15° skew is shown in Figure 67.  
 
 
Figure 67. Simply supported slab with partial wing wall and 15° skew. 
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6.2.3 Simply Supported with Full Wing Wall 
A full wing wall was modeled using roller supports that extend from the abutment end to the 
expansion joint. The model of a simply supported slab with a full wing wall is shown in Figure 
68. 
 
 
Figure 68. Simply supported slab with full wing wall and 15° skew. 
6.3 LOAD PATTERNS 
Four types of load patterns were considered in the finite element models. The dead load and a 
combination of the dead load and live load based on AASHTO and IDOT guidelines were placed 
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on the slab. Each travel lane can simultaneously consist of one combination of dead and live 
load, to create several load combinations as shown in Table 25. 
Table 25. Loading combinations for each approach slab. 
 
Combo Shoulder Lane 1 Lane 2 Lane 3 Shoulder 
1 DL DL DL DL DL 
2 DL HL-93K HL-93K HL-93K DL 
3 DL HL-93K HL-93K DL DL 
4 DL HL-93K DL HL-93K DL 
5 DL HL-93K DL DL DL 
6 DL DL HL-93K DL DL 
7 DL HL-93M HL-93M HL-93M DL 
8 DL HL-93M HL-93M DL DL 
9 DL HL-93M DL HL-93M DL 
10 DL HL-93M DL DL DL 
11 DL DL HL-93M DL DL 
12 DL IL-120 IL-120 IL-120 DL 
13 DL IL-120 IL-120 DL DL 
14 DL IL-120 DL IL-120 DL 
15 DL IL-120 DL DL DL 
16 DL DL IL-120 DL DL 
A summary of the number of approach slabs modeled and the loading combinations analyzed in 
each model is shown in Table 26. SS, HWW, and FWW denote simply supported, half wing 
wall, and full wing wall, respectively. The load combinations are not strength-level design 
combinations, but rather simplified representations of service-level loads. 
Table 26. Summary of approach slabs and loading combinations. 
 
Skew SS HWW FWW 
0 16 combos 16 combos 16 combos 
15 16 combos 16 combos 16 combos 
30 16 combos 16 combos 16 combos 
45 16 combos 16 combos 16 combos 
60 16 combos 16 combos 16 combos 
 
6.3.1 Dead Load 
The 150 pcf self-weight of the concrete and a 50 psf wearing surface were converted into a total 
surface dead load of 237 psf. The dead load was applied on each element of the slab. 
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6.3.2 Dead Load and HL-93M Tandem 
In addition to the dead load, elements in the travel lanes were subjected to a lane load that was 
only present if a truck was placed in the lane. AASHTO’s HL93-Tandem is shown in Figure 69. 
The lane load excluding the axle loads was converted to a surface load of 63.9 psf. 
 
 
Figure 69. AASHTO HL-93M Tandem (AASHTO). 
The 25 k axles were divided in half and set 40 in. apart to represent the width of the truck. The 
axle loads were converted into a surface pressure of 9,000 psf that acted on four elements, as 
shown in Figure 70. 
 
 
Figure 70. HL-93M Tandem load on Lane 1 of a simply supported approach slab with 15° skew. 
Axle Load 
Lane Load 
Dead Load 
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6.3.3 Dead Load and HL-93K Design Truck 
Similar to the HL-93K Tandem, AASHTO’s HL-93K Design Truck includes a lane load and 
three axle loads. A schematic of the truck loading is shown in Figure 71. 
 
 
Figure 71. AASHTO HL-93K Design Truck (AASHTO). 
Due to the limit of the approach slab’s length of 30 ft, the entire HL-93K truck did not fit within 
the approach slab. Therefore, only the back two axles of 32 k were placed on the slab. The two 
axle loads were divided in two and spaced 40 in. apart to represent the width of the truck. The 
axle loads were converted into surface pressures of 11,520 psf and applied on four elements, as 
shown in Figure 72. 
 
 
Figure 72. HL-93K Truck load on Lane 1 of a simply supported approach slab with 15° skew. 
Axle Load 
Lane Load 
Dead Load 
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6.3.4 Dead Load and IL-120 Design Truck 
In addition to using AASHTO guidelines on live loads, the Tollway also uses the IDOT IL-120 
truck in designing approach slabs. The axle loading and spacing of the IL-120 is shown in Figure 
73. 
 
 
Figure 73. IL-120 Design Truck (Illinois Tollway). 
Similar to AASHTO’s HL-93K Design Truck, the IL-120 Design Truck includes the same lane 
load, and the entire truck does not fit within the 30 ft length of the approach slab; as a result, only 
the last three axles are placed on the slab. The axle loads were divided in two and spaced 40 in. 
apart to represent the width of the truck. The axle loads were converted into surface pressures of 
7,200 psf and applied on six elements, as shown in Figure 74. 
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Figure 74. IL-120 Truck load on Lane 1 of a simply supported approach slab with 15° skew. 
Only loading on Lane 1 has been shown in all of the example figures above. Loading on Lane 2 
and Lane 3 follow the same procedures. 
6.4 COMPARSION OF MODEL AND FIELD STRAINS 
6.4.1 Finite Element Model Results 
The maximum principal stresses (SMax_max) and minimum principal stresses (SMin_min) for 
each loading combination were recorded for each slab. The minimum stresses at the top surface 
of the concrete are the most compressive stresses in the slab for the loading combination. The 
maximum stresses at the bottom concrete surface are the most tensile stresses for the loading 
combination. The maximum deflection for each loading combination was also recorded. 
Analysis results for the finite element models are shown in Table 27 – Table 41.  
 
Axle Load 
Lane Load 
Dead Load 
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Table 27. Simply supported (SS) 0° skew analysis results. 
 
SMax_max (ksi) SMin_min (ksi) SMax_max (ksi) SMin_min (ksi)
1 DL DL DL DL DL -0.220 0.411 -0.473 0.411 -0.473 28.1
2 DL HL-93K HL-93K HL-93K DL -0.366 0.718 -0.834 0.718 0.834 48.5
3 DL HL-93K HL-93K DL DL -0.334 0.659 -0.764 0.659 -0.764 44.3
4 DL HL-93K DL HL-93K DL -0.298 0.593 -0.688 0.593 -0.688 39.9
5 DL HL-93K DL DL DL -0.285 0.572 -0.662 0.572 -0.662 38.4
6 DL DL HL-93K DL DL -0.278 0.561 -0.648 0.561 -0.648 37.5
7 DL HL-93M HL-93M HL-93M DL -0.381 0.783 -0.909 0.783 -0.909 52.8
8 DL HL-93M HL-93M DL DL -0.346 0.716 -0.830 0.716 -0.830 48.1
9 DL HL-93M DL HL-93M DL -0.308 0.637 -0.739 0.637 -0.739 42.9
10 DL HL-93M DL DL DL -0.294 0.614 -0.711 0.614 -0.711 41.2
11 DL DL HL-93M DL DL -0.286 0.604 -0.697 0.604 -0.697 40.3
12 DL IL-120 IL-120 IL-120 DL -0.403 0.819 -0.950 0.819 -0.950 55.2
13 DL IL-120 IL-120 DL DL -0.364 0.747 -0.865 0.747 -0.865 50.1
14 DL IL-120 DL IL-120 DL -0.320 0.657 -0.762 0.657 -0.762 44.1
15 DL IL-120 DL DL DL -0.304 0.631 -0.729 0.631 -0.729 42.2
16 DL DL IL-120 DL DL -0.296 0.616 -0.711 0.616 -0.711 41.1
δmax (in) Mmax (k-in)
Concrete bottomConcrete top
ShoulderCombo Shoulder Lane 1 Lane 2 Lane 3
 
The most severe loading combination occurs when all three traffic lanes are loaded with the IL-
120 truck. In general, the HL-93K truck yields the least severe results in terms of deflection, 
maximum and minimum principal stresses, and maximum moment. Loading combinations with 
the HL-93M truck are more severe than the HL-93K truck, but less severe than the IL-120 truck. 
These patterns are seen throughout the other approach slab models, with the exception of the 
simply supported slab with a 60° skew, as shown in Table 39.  
Table 28. Half wing wall (HWW) 0° skew analysis results. 
 
SMax_max (ksi) SMin_min (ksi) SMax_max (ksi) SMin_min (ksi)
1 DL DL DL DL DL -0.184 0.364 -0.420 0.364 -0.420 24.4
2 DL HL-93K HL-93K HL-93K DL -0.342 0.688 -0.794 0.688 -0.794 45.9
3 DL HL-93K HL-93K DL DL -0.305 0.623 -0.717 0.623 -0.717 41.4
4 DL HL-93K DL HL-93K DL -0.268 0.530 -0.610 0.530 -0.610 35.2
5 DL HL-93K DL DL DL -0.238 0.500 -0.573 0.500 -0.573 32.7
6 DL DL HL-93K DL DL -0.259 0.537 -0.617 0.537 -0.617 35.5
7 DL HL-93M HL-93M HL-93M DL -0.357 0.752 -0.867 0.752 -0.867 50.1
8 DL HL-93M HL-93M DL DL -0.317 0.678 -0.779 0.678 -0.779 45.0
9 DL HL-93M DL HL-93M DL -0.274 0.568 -0.652 0.568 -0.652 37.3
10 DL HL-93M DL DL DL -0.245 0.535 -0.612 0.535 -0.612 35.0
11 DL DL HL-93M DL DL -0.267 0.580 -0.664 0.580 -0.664 38.2
12 DL IL-120 IL-120 IL-120 DL -0.378 0.786 -0.906 0.786 -0.906 52.4
13 DL IL-120 IL-120 DL DL -0.334 0.707 -0.812 0.707 -0.812 46.9
14 DL IL-120 DL IL-120 DL -0.285 0.588 -0.674 0.588 -0.674 38.6
15 DL IL-120 DL DL DL -0.253 0.551 -0.629 0.551 -0.629 35.9
16 DL DL IL-120 DL DL -0.277 0.591 -0.677 0.591 -0.677 38.9
Concrete top Concrete bottom
Combo Shoulder Lane 1 Lane 2 Lane 3 δmax (in) Mmax (k-in)Shoulder
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Table 29. Full wing wall (FWW) 0° skew analysis results. 
 
SMax_max (ksi) SMin_min (ksi) SMax_max (ksi) SMin_min (ksi)
1 DL DL DL DL DL -0.184 0.363 -0.419 0.363 -0.419 24.3
2 DL HL-93K HL-93K HL-93K DL -0.341 0.687 -0.793 0.687 -0.793 45.8
3 DL HL-93K HL-93K DL DL -0.305 0.622 -0.716 0.622 -0.716 41.3
4 DL HL-93K DL HL-93K DL -0.267 0.528 -0.607 0.528 -0.607 35.2
5 DL HL-93K DL DL DL -0.237 0.498 -0.570 0.498 -0.570 32.5
6 DL DL HL-93K DL DL -0.258 0.537 -0.616 0.537 -0.616 35.5
7 DL HL-93M HL-93M HL-93M DL -0.356 0.751 -0.866 0.751 -0.866 50.0
8 DL HL-93M HL-93M DL DL -0.317 0.677 -0.778 0.677 -0.778 44.9
9 DL HL-93M DL HL-93M DL -0.273 0.565 -0.649 0.565 -0.649 37.1
10 DL HL-93M DL DL DL -0.243 0.532 -0.609 0.532 -0.609 34.8
11 DL DL HL-93M DL DL -0.266 0.579 -0.663 0.579 -0.663 38.1
12 DL IL-120 IL-120 IL-120 DL -0.377 0.785 -0.904 0.785 -0.904 52.3
13 DL IL-120 IL-120 DL DL -0.333 0.706 -0.811 0.706 -0.811 46.7
14 DL IL-120 DL IL-120 DL -0.284 0.585 -0.671 0.585 -0.671 38.4
15 DL IL-120 DL DL DL -0.252 0.548 -0.626 0.548 -0.626 35.7
16 DL DL IL-120 DL DL -0.276 0.590 -0.676 0.590 -0.676 38.8
Concrete bottom
Shoulder δmax (in)Combo Shoulder Lane 1 Lane 2 Lane 3 Mmax (k-in)
 
Table 30. Simply supported (SS) 15° skew analysis results. 
 
SMax_max (ksi) SMin_min (ksi) SMax_max (ksi) SMin_min (ksi)
1 DL DL DL DL DL -0.211 0.409 -0.469 0.409 -0.469 27.3
2 DL HL-93K HL-93K HL-93K DL -0.335 0.723 -0.825 0.723 -0.825 46.4
3 DL HL-93K HL-93K DL DL -0.306 0.665 -0.758 0.655 -0.758 42.8
4 DL HL-93K DL HL-93K DL -0.274 0.598 -0.681 0.598 -0.681 38.4
5 DL HL-93K DL DL DL -0.265 0.573 -0.651 0.573 -0.651 36.4
6 DL DL HL-93K DL DL -0.255 0.567 -0.644 0.567 -0.644 36.1
7 DL HL-93M HL-93M HL-93M DL -0.349 0.778 -0.886 0.778 -0.886 49.9
8 DL HL-93M HL-93M DL DL -0.318 0.717 -0.816 0.717 -0.816 45.9
9 DL HL-93M DL HL-93M DL -0.283 0.637 -0.725 0.637 -0.725 40.8
10 DL HL-93M DL DL DL -0.271 0.610 -0.694 0.610 -0.694 39.1
11 DL DL HL-93M DL DL -0.263 0.601 -0.682 0.601 -0.682 38.3
12 DL IL-120 IL-120 IL-120 DL -0.369 0.811 -0.924 0.811 -0.924 52.0
13 DL IL-120 IL-120 DL DL -0.334 0.736 -0.837 0.736 -0.837 47.0
14 DL IL-120 DL IL-120 DL -0.295 0.652 -0.743 0.652 -0.743 41.8
15 DL IL-120 DL DL DL -0.281 0.627 -0.714 0.627 -0.714 40.1
16 DL DL IL-120 DL DL -0.272 0.613 -0.696 0.613 -0.696 39.0
Combo Shoulder Lane 1 Lane 2 Lane 3 Shoulder δmax (in)
Concrete top Concrete bottom
Mmax (k-in)
 
Table 31. Half wing wall (HWW) 15° skew analysis results. 
 
SMax_max (ksi) SMin_min (ksi) SMax_max (ksi) SMin_min (ksi)
1 DL DL DL DL DL -0.168 0.358 -0.408 0.358 -0.408 22.9
2 DL HL-93K HL-93K HL-93K DL -0.312 0.689 -0.784 0.689 -0.784 43.7
3 DL HL-93K HL-93K DL DL -0.279 0.610 -0.692 0.610 -0.692 38.5
4 DL HL-93K DL HL-93K DL -0.244 0.535 -0.607 0.535 -0.607 34.3
5 DL HL-93K DL DL DL -0.220 0.506 -0.572 0.506 -0.572 32.2
6 DL DL HL-93K DL DL -0.237 0.541 -0.613 0.541 -0.613 34.0
7 DL HL-93M HL-93M HL-93M DL -0.326 0.741 -0.843 0.741 -0.843 47.2
8 DL HL-93M HL-93M DL DL -0.291 0.667 -0.755 0.667 -0.755 42.4
9 DL HL-93M DL HL-93M DL -0.249 0.572 -0.644 0.572 -0.644 35.9
10 DL HL-93M DL DL DL -0.226 0.540 -0.606 0.540 -0.606 33.8
11 DL DL HL-93M DL DL -0.245 0.572 -0.648 0.572 -0.648 36.2
12 DL IL-120 IL-120 IL-120 DL -0.345 0.774 -0.879 0.774 -0.879 49.3
13 DL IL-120 IL-120 DL DL -0.306 0.698 -0.791 0.698 -0.791 44.3
14 DL IL-120 DL IL-120 DL -0.259 0.585 -0.659 0.585 -0.659 36.4
15 DL IL-120 DL DL DL -0.234 0.548 -0.613 0.548 -0.613 34.1
16 DL DL IL-120 DL DL -0.254 0.585 -0.661 0.585 -0.661 36.9
Combo Shoulder Lane 1 Lane 2 Lane 3 Shoulder δmax (in)
Concrete top Concrete bottom
Mmax (k-in)
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Table 32. Full wing wall (FWW) 15° skew analysis results. 
 
SMax_max (ksi) SMin_min (ksi) SMax_max (ksi) SMin_min (ksi)
1 DL DL DL DL DL -0.167 0.357 -0.406 0.357 -0.406 22.8
2 DL HL-93K HL-93K HL-93K DL -0.311 0.688 -0.782 0.688 -0.782 43.6
3 DL HL-93K HL-93K DL DL -0.278 0.608 -0.689 0.608 -0.689 38.4
4 DL HL-93K DL HL-93K DL -0.243 0.530 -0.601 0.530 -0.601 33.9
5 DL HL-93K DL DL DL -0.217 0.501 -0.566 0.501 -0.566 31.8
6 DL DL HL-93K DL DL -0.236 0.540 -0.611 0.540 -0.611 33.9
7 DL HL-93M HL-93M HL-93M DL -0.325 0.739 -0.841 0.739 -0.841 47.1
8 DL HL-93M HL-93M DL DL -0.290 0.664 -0.752 0.664 -0.752 42.2
9 DL HL-93M DL HL-93M DL -0.248 0.568 -0.638 0.568 -0.638 35.5
10 DL HL-93M DL DL DL -0.223 0.536 -0.601 0.536 -0.601 33.4
11 DL DL HL-93M DL DL -0.244 0.571 -0.647 0.571 -0.647 36.1
12 DL IL-120 IL-120 IL-120 DL -0.344 0.772 -0.876 0.772 -0.876 49.1
13 DL IL-120 IL-120 DL DL -0.305 0.695 -0.788 0.695 -0.788 44.1
14 DL IL-120 DL IL-120 DL -0.258 0.582 -0.656 0.582 -0.656 36.2
15 DL IL-120 DL DL DL -0.231 0.545 -0.608 0.545 -0.608 33.8
16 DL DL IL-120 DL DL -0.253 0.583 -0.659 0.583 -0.659 36.8
Combo Shoulder Lane 1 Lane 2 Lane 3 Shoulder δmax (in)
Concrete top Concrete bottom
Mmax (k-in)
 
Table 33. Simply supported (SS) 30° skew analysis results. 
 
SMax_max (ksi) SMin_min (ksi) SMax_max (ksi) SMin_min (ksi)
1 DL DL DL DL DL -0.173 0.389 -0.437 0.389 -0.437 24.1
2 DL HL-93K HL-93K HL-93K DL -0.247 0.681 -0.749 0.681 -0.749 38.7
3 DL HL-93K HL-93K DL DL -0.229 0.636 -0.701 0.636 -0.701 36.4
4 DL HL-93K DL HL-93K DL -0.217 0.574 -0.631 0.574 -0.631 32.6
5 DL HL-93K DL DL DL -0.215 0.549 -0.603 0.549 -0.603 31.1
6 DL DL HL-93K DL DL -0.192 0.544 -0.597 0.544 -0.597 30.8
7 DL HL-93M HL-93M HL-93M DL -0.260 0.730 -0.803 0.730 -0.803 41.4
8 DL HL-93M HL-93M DL DL -0.238 0.676 -0.744 0.676 -0.744 38.4
9 DL HL-93M DL HL-93M DL -0.218 0.603 -0.664 0.603 -0.664 34.3
10 DL HL-93M DL DL DL -0.216 0.579 -0.638 0.579 -0.638 33.0
11 DL DL HL-93M DL DL -0.200 0.573 -0.629 0.573 -0.629 32.5
12 DL IL-120 IL-120 IL-120 DL -0.274 0.758 -0.833 0.758 -0.833 42.9
13 DL IL-120 IL-120 DL DL -0.250 0.688 -0.756 0.688 -0.756 38.9
14 DL IL-120 DL IL-120 DL -0.223 0.618 -0.677 0.618 -0.677 35.0
15 DL IL-120 DL DL DL -0.221 0.595 -0.655 0.595 -0.655 33.9
16 DL DL IL-120 DL DL -0.207 0.584 -0.641 0.584 -0.641 33.1
Combo Shoulder Lane 1 Lane 2 Lane 3 Shoulder δmax (in)
Concrete top Concrete bottom
Mmax (k-in)
 
Table 34. Half wing wall (HWW) 30° skew analysis results. 
 
SMax_max (ksi) SMin_min (ksi) SMax_max (ksi) SMin_min (ksi)
1 DL DL DL DL DL -0.125 0.394 -0.366 0.394 -0.366 18.8
2 DL HL-93K HL-93K HL-93K DL -0.231 0.643 -0.708 0.643 -0.708 36.5
3 DL HL-93K HL-93K DL DL -0.210 0.579 -0.636 0.579 -0.636 33.4
4 DL HL-93K DL HL-93K DL -0.180 0.521 -0.567 0.521 -0.567 29.6
5 DL HL-93K DL DL DL -0.168 0.515 -0.540 0.515 -0.540 28.2
6 DL DL HL-93K DL DL -0.179 0.515 -0.566 0.515 -0.566 29.1
7 DL HL-93M HL-93M HL-93M DL -0.244 0.692 -0.762 0.692 -0.762 39.2
8 DL HL-93M HL-93M DL DL -0.220 0.635 -0.698 0.635 -0.698 35.9
9 DL HL-93M DL HL-93M DL -0.185 0.546 -0.595 0.546 -0.595 30.7
10 DL HL-93M DL DL DL -0.174 0.526 -0.566 0.526 -0.566 29.4
11 DL DL HL-93M DL DL -0.187 0.542 -0.597 0.542 -0.597 30.9
12 DL IL-120 IL-120 IL-120 DL -0.258 0.720 -0.792 0.720 -0.792 40.7
13 DL IL-120 IL-120 DL DL -0.232 0.653 -0.717 0.653 -0.717 36.8
14 DL IL-120 DL IL-120 DL -0.193 0.551 -0.601 0.551 -0.601 30.8
15 DL IL-120 DL DL DL -0.181 0.541 -0.569 0.541 -0.569 29.4
16 DL DL IL-120 DL DL -0.194 0.555 -0.609 0.555 -0.609 31.5
Combo Shoulder Lane 1 Lane 2 Lane 3 Shoulder δmax (in)
Concrete top Concrete bottom
Mmax (k-in)
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Table 35. Full wing wall (FWW) 30° skew analysis results. 
 
SMax_max (ksi) SMin_min (ksi) SMax_max (ksi) SMin_min (ksi)
1 DL DL DL DL DL -0.124 0.331 -0.364 0.331 -0.364 18.7
2 DL HL-93K HL-93K HL-93K DL -0.230 0.641 -0.706 0.641 -0.706 36.4
3 DL HL-93K HL-93K DL DL -0.208 0.571 -0.628 0.571 -0.628 32.9
4 DL HL-93K DL HL-93K DL -0.177 0.509 -0.559 0.509 -0.559 29.2
5 DL HL-93K DL DL DL -0.165 0.486 -0.533 0.486 -0.533 27.7
6 DL DL HL-93K DL DL -0.178 0.513 -0.564 0.513 -0.564 29.0
7 DL HL-93M HL-93M HL-93M DL -0.243 0.689 -0.760 0.689 -0.760 39.1
8 DL HL-93M HL-93M DL DL -0.218 0.632 -0.694 0.632 -0.694 35.7
9 DL HL-93M DL HL-93M DL -0.184 0.540 -0.588 0.540 -0.588 30.3
10 DL HL-93M DL DL DL -0.171 0.514 -0.560 0.514 -0.560 28.9
11 DL DL HL-93M DL DL -0.186 0.540 -0.595 0.540 -0.595 30.7
12 DL IL-120 IL-120 IL-120 DL -0.257 0.717 -0.788 0.717 -0.788 40.6
13 DL IL-120 IL-120 DL DL -0.230 0.649 -0.713 0.649 -0.713 36.6
14 DL IL-120 DL IL-120 DL -0.191 0.546 -0.599 0.546 -0.599 30.7
15 DL IL-120 DL DL DL -0.177 0.518 -0.562 0.518 -0.562 28.9
16 DL DL IL-120 DL DL -0.193 0.553 -0.606 0.553 -0.606 31.3
Combo Shoulder Lane 1 Lane 2 Lane 3 Shoulder δmax (in)
Concrete top Concrete bottom
Mmax (k-in)
 
Table 36. Simply supported (SS) 45° skew analysis results. 
 
SMax_max (ksi) SMin_min (ksi) SMax_max (ksi) SMin_min (ksi)
1 DL DL DL DL DL -0.116 0.357 -0.348 0.357 -0.348 17.8
2 DL HL-93K HL-93K HL-93K DL -0.140 0.543 -0.583 0.543 -0.583 27.2
3 DL HL-93K HL-93K DL DL -0.139 0.517 -0.556 0.517 -0.556 26.1
4 DL HL-93K DL HL-93K DL -0.137 0.466 -0.498 0.466 -0.498 23.3
5 DL HL-93K DL DL DL -0.136 0.451 -0.485 0.451 -0.485 22.7
6 DL DL HL-93K DL DL -0.119 0.447 -0.479 0.447 -0.479 22.5
7 DL HL-93M HL-93M HL-93M DL -0.139 0.571 -0.612 0.571 -0.612 28.3
8 DL HL-93M HL-93M DL DL -0.139 0.540 -0.578 0.540 -0.578 26.8
9 DL HL-93M DL HL-93M DL -0.136 0.490 -0.524 0.490 -0.524 24.4
10 DL HL-93M DL DL DL -0.136 0.483 -0.517 0.483 -0.517 24.2
11 DL DL HL-93M DL DL -0.119 0.473 -0.506 0.473 -0.506 23.7
12 DL IL-120 IL-120 IL-120 DL -0.142 0.589 -0.630 0.589 -0.630 29.1
13 DL IL-120 IL-120 DL DL -0.141 0.557 -0.595 0.557 -0.595 27.4
14 DL IL-120 DL IL-120 DL -0.138 0.499 -0.535 0.499 -0.535 25.0
15 DL IL-120 DL DL DL -0.138 0.491 -0.526 0.491 -0.526 24.6
16 DL DL IL-120 DL DL -0.119 0.481 -0.515 0.481 -0.515 24.1
Combo Shoulder Lane 1 Lane 2 Lane 3 Shoulder δmax (in)
Concrete top Concrete bottom
Mmax (k-in)
 
Table 37. Half wing wall (HWW) 45° skew analysis results. 
 
SMax_max (ksi) SMin_min (ksi) SMax_max (ksi) SMin_min (ksi)
1 DL DL DL DL DL -0.066 0.310 -0.284 0.310 -0.284 13.0
2 DL HL-93K HL-93K HL-93K DL -0.125 0.528 -0.567 0.528 -0.567 26.5
3 DL HL-93K HL-93K DL DL -0.116 0.492 -0.527 0.492 -0.527 24.9
4 DL HL-93K DL HL-93K DL -0.099 0.438 -0.470 0.438 -0.470 22.2
5 DL HL-93K DL DL DL -0.096 0.426 -0.457 0.426 -0.457 21.6
6 DL DL HL-93K DL DL -0.100 0.434 -0.466 0.434 -0.466 21.9
7 DL HL-93M HL-93M HL-93M DL -0.131 0.558 -0.597 0.558 -0.597 27.6
8 DL HL-93M HL-93M DL DL -0.121 0.524 -0.560 0.524 -0.560 26.1
9 DL HL-93M DL HL-93M DL -0.105 0.457 -0.489 0.457 -0.489 23.0
10 DL HL-93M DL DL DL -0.102 0.447 -0.478 0.447 -0.478 22.5
11 DL DL HL-93M DL DL -0.107 0.461 -0.494 0.461 -0.494 23.1
12 DL IL-120 IL-120 IL-120 DL -0.139 0.576 -0.615 0.576 -0.615 28.5
13 DL IL-120 IL-120 DL DL -0.127 0.536 -0.573 0.536 -0.573 26.4
14 DL IL-120 DL IL-120 DL -0.109 0.464 -0.495 0.464 -0.495 23.1
15 DL IL-120 DL DL DL -0.106 0.452 -0.483 0.452 -0.483 22.7
16 DL DL IL-120 DL DL -0.111 0.470 -0.503 0.470 -0.503 23.6
Combo Shoulder Lane 1 Lane 2 Lane 3 Shoulder δmax (in)
Concrete top Concrete bottom
Mmax (k-in)
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Table 38. Full wing wall (FWW) 45° skew analysis results. 
 
SMax_max (ksi) SMin_min (ksi) SMax_max (ksi) SMin_min (ksi)
1 DL DL DL DL DL -0.066 0.264 -0.282 0.264 -0.282 12.9
2 DL HL-93K HL-93K HL-93K DL -0.124 0.527 -0.566 0.527 -0.566 26.5
3 DL HL-93K HL-93K DL DL -0.114 0.484 -0.519 0.484 -0.519 24.6
4 DL HL-93K DL HL-93K DL -0.098 0.431 -0.463 0.431 -0.463 21.9
5 DL HL-93K DL DL DL -0.094 0.419 -0.449 0.419 -0.449 21.3
6 DL DL HL-93K DL DL -0.100 0.433 -0.465 0.433 -0.465 21.9
7 DL HL-93M HL-93M HL-93M DL -0.131 0.556 -0.594 0.556 -0.594 27.5
8 DL HL-93M HL-93M DL DL -0.120 0.521 -0.558 0.521 -0.558 26.0
9 DL HL-93M DL HL-93M DL -0.103 0.453 -0.485 0.453 -0.485 22.8
10 DL HL-93M DL DL DL -0.100 0.439 -0.470 0.439 -0.470 22.2
11 DL DL HL-93M DL DL -0.107 0.460 -0.492 0.460 -0.492 23.1
12 DL IL-120 IL-120 IL-120 DL -0.138 0.574 -0.613 0.574 -0.613 28.4
13 DL IL-120 IL-120 DL DL -0.127 0.534 -0.570 0.534 -0.570 26.3
14 DL IL-120 DL IL-120 DL -0.107 0.457 -0.488 0.457 -0.488 22.8
15 DL IL-120 DL DL DL -0.104 0.444 -0.474 0.444 -0.474 22.2
16 DL DL IL-120 DL DL -0.111 0.468 -0.501 0.468 -0.501 23.5
Combo Shoulder Lane 1 Lane 2 Lane 3 Shoulder δmax (in)
Concrete top Concrete bottom
Mmax (k-in)
 
Table 39. Simply supported (SS) 60° skew analysis results. 
 
SMax_max (ksi) SMin_min (ksi) SMax_max (ksi) SMin_min (ksi)
1 DL DL DL DL DL -0.059 0.357 -0.318 0.357 -0.318 10.1
2 DL HL-93K HL-93K HL-93K DL -0.061 0.359 -0.324 0.359 -0.324 14.6
3 DL HL-93K HL-93K DL DL -0.061 0.357 -0.320 0.357 -0.320 14.4
4 DL HL-93K DL HL-93K DL -0.061 0.359 -0.323 0.359 -0.323 13.5
5 DL HL-93K DL DL DL -0.061 0.357 -0.318 0.357 -0.318 13.4
6 DL DL HL-93K DL DL -0.059 0.357 -0.318 0.357 -0.318 13.4
7 DL HL-93M HL-93M HL-93M DL -0.060 0.359 -0.334 0.359 -0.334 15.1
8 DL HL-93M HL-93M DL DL -0.060 0.357 -0.328 0.357 -0.328 14.8
9 DL HL-93M DL HL-93M DL -0.060 0.359 -0.323 0.359 -0.323 14.5
10 DL HL-93M DL DL DL -0.060 0.357 -0.321 0.357 -0.321 14.5
11 DL DL HL-93M DL DL -0.059 0.357 -0.318 0.357 -0.318 14.4
12 DL IL-120 IL-120 IL-120 DL -0.061 0.359 -0.342 0.359 -0.342 15.4
13 DL IL-120 IL-120 DL DL -0.060 0.357 -0.334 0.357 -0.334 15.1
14 DL IL-120 DL IL-120 DL -0.061 0.359 -0.325 0.359 -0.325 14.7
15 DL IL-120 DL DL DL -0.060 0.357 -0.325 0.357 -0.325 14.7
16 DL DL IL-120 DL DL -0.059 0.357 -0.322 0.357 -0.322 14.6
Concrete top Concrete bottom
Shoulder δmax (in) Mmax (k-in)Combo Shoulder Lane 1 Lane 2 Lane 3
 
Table 40. Half wing wall (HWW) 60° skew analysis results. 
 
SMax_max (ksi) SMin_min (ksi) SMax_max (ksi) SMin_min (ksi)
1 DL DL DL DL DL -0.018 0.179 -0.155 0.179 -0.155 6.8
2 DL HL-93K HL-93K HL-93K DL -0.035 0.305 -0.322 0.305 -0.322 14.6
3 DL HL-93K HL-93K DL DL -0.034 0.302 -0.319 0.302 -0.319 14.4
4 DL HL-93K DL HL-93K DL -0.032 0.279 -0.295 0.279 -0.295 13.4
5 DL HL-93K DL DL DL -0.032 0.279 -0.295 0.279 -0.295 13.4
6 DL DL HL-93K DL DL -0.032 0.278 -0.294 0.278 -0.294 13.4
7 DL HL-93M HL-93M HL-93M DL -0.038 0.317 -0.335 0.317 -0.335 15.1
8 DL HL-93M HL-93M DL DL -0.037 0.310 -0.328 0.310 -0.328 14.8
9 DL HL-93M DL HL-93M DL -0.036 0.301 -0.318 0.301 -0.318 14.4
10 DL HL-93M DL DL DL -0.036 0.301 -0.318 0.301 -0.318 14.4
11 DL DL HL-93M DL DL -0.036 0.301 -0.318 0.301 -0.318 14.4
12 DL IL-120 IL-120 IL-120 DL -0.040 0.325 -0.342 0.325 -0.342 15.4
13 DL IL-120 IL-120 DL DL -0.038 0.317 -0.334 0.317 -0.334 15.1
14 DL IL-120 DL IL-120 DL -0.037 0.304 -0.321 0.304 -0.321 14.6
15 DL IL-120 DL DL DL -0.037 0.304 -0.321 0.304 -0.321 14.6
16 DL DL IL-120 DL DL -0.037 0.306 -0.322 0.306 -0.322 14.6
Combo Shoulder Lane 1 Lane 2 Lane 3 Shoulder δmax (in)
Concrete top Concrete bottom
Mmax (k-in)
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Table 41. Full wing wall (FWW) 60° skew analysis results. 
 
SMax_max (ksi) SMin_min (ksi) SMax_max (ksi) SMin_min (ksi)
1 DL DL DL DL DL -0.018 0.142 -0.150 0.142 -0.150 6.66
2 DL HL-93K HL-93K HL-93K DL -0.035 0.305 -0.322 0.305 -0.322 14.6
3 DL HL-93K HL-93K DL DL -0.034 0.301 -0.318 0.301 -0.318 14.3
4 DL HL-93K DL HL-93K DL -0.032 0.279 -0.295 0.279 -0.295 13.4
5 DL HL-93K DL DL DL -0.032 0.278 -0.294 0.278 -0.294 13.4
6 DL DL HL-93K DL DL -0.032 0.278 -0.294 0.278 -0.294 13.4
7 DL HL-93M HL-93M HL-93M DL -0.038 0.317 -0.334 0.317 -0.334 15.1
8 DL HL-93M HL-93M DL DL -0.037 0.310 -0.327 0.310 -0.327 14.8
9 DL HL-93M DL HL-93M DL -0.036 0.299 -0.316 0.299 -0.316 14.3
10 DL HL-93M DL DL DL -0.036 0.299 -0.316 0.299 -0.316 14.3
11 DL DL HL-93M DL DL -0.036 0.301 -0.318 0.301 -0.318 14.4
12 DL IL-120 IL-120 IL-120 DL -0.040 0.325 -0.342 0.325 -0.342 15.4
13 DL IL-120 IL-120 DL DL -0.038 0.316 -0.333 0.316 -0.333 15.1
14 DL IL-120 DL IL-120 DL -0.037 0.304 -0.321 0.304 -0.321 14.6
15 DL IL-120 DL DL DL -0.037 0.303 -0.319 0.303 -0.319 14.5
16 DL DL IL-120 DL DL -0.037 0.306 -0.322 0.306 -0.322 14.6
Combo Shoulder Lane 1 Lane 2 Lane 3 Shoulder δmax (in)
Concrete top Concrete bottom Mmax (k-
in)
 
Contour plots of the maximum and minimum principal stresses for the most severe loading 
scenario on each slab are shown in Appendix A. A summary of the most severe loading 
combination for each slab is shown in Table 42. Similar to the other slabs, the maximum moment 
and most compressive principal stress for the simply supported slab with 60° skew occurs under 
the loading combination of three IL-120 trucks. However, the most tensile principal stress occurs 
under loading combinations where trucks are loaded in Lane 1 and Lane 3 simultaneously, 
regardless of the type of truck loading. The maximum deflection occurs when two or more HL-
93K trucks are loaded simultaneously, when one HL-93K truck is loaded on Lane 1 or Lane 3, 
and when IL-120 trucks are loaded on Lane 1 and Lane 3.  
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Table 42. Summary of most severe loading combination for each approach slab. 
 
Model δmax (in) 
Concrete top Concrete bottom Mmax 
(k-in) 
Controlling 
Combo SMax (ksi) SMin (ksi) SMax (ksi) SMin (ksi) 
0° Skew 
SS-zero -0.403 0.819 -0.950 0.819 -0.950 55.2 12 
HWW-zero -0.378 0.786 -0.906 0.786 -0.906 52.4 12 
FWW-zero -0.377 0.785 -0.904 0.785 -0.904 52.3 12 
15° Skew 
SSskew15 -0.369 0.811 -0.924 0.811 -0.924 52.0 12 
HWWskew15 -0.345 0.774 -0.879 0.774 -0.879 49.3 12 
FWWskew15 -0.344 0.772 -0.876 0.772 -0.876 49.1 12 
30° Skew 
SSskew30 -0.274 0.758 -0.833 0.758 -0.833 42.9 12 
HWWskew30 -0.258 0.720 -0.792 0.720 -0.792 40.7 12 
FWWskew30 -0.257 0.717 -0.788 0.717 -0.788 40.6 12 
45° Skew 
SSskew45 -0.142 0.589 -0.630 0.589 -0.630 29.1 12 
HWWskew45 -0.139 0.576 -0.615 0.576 -0.615 28.5 12 
FWWskew45 -0.138 0.574 -0.613 0.574 -0.613 28.4 12 
60° Skew 
SSskew60 -0.061 0.359 -0.342 0.359 -0.342 15.4  (12) 
HWWskew60 -0.040 0.325 -0.342 0.325 -0.342 15.4 12 
FWWskew60 -0.040 0.325 -0.342 0.325 -0.342 15.4 12 
A possible explanation for the reason why the simply supported slab with a 60° skew did not 
follow the same trend as the other slabs regarding the controlling loading combination may be 
due to the geometry of the slab. The controlling load combinations for the 60° skew approach 
slabs with either a half wing wall or a full wing wall follow the trends of the other slabs. It 
should be noted that many states do not design approach slabs with a skew larger than 45°. 
Generally, the deflection, maximum and minimum principal stresses, and moment decrease as 
the skew angle increases. 
Regardless of skew, wing walls decrease the maximum deflection, moment, compressive, and 
tensile stresses in the approach slab. The difference between a wing wall that spans half the 
length of the approach slab and a wing wall that runs the entire length of the approach slab is 
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insignificant. Based on the synthesis of approach slab cracking in existing Illinois Tollway 
bridges, many Mainline Bridges with approach slabs that had wing walls that spanned the entire 
length of the slab had five or more cracks in at least one approach slab. The effect of wing walls 
on approach slab cracking need to be studied further. The thickness of the wing walls should be 
taken into consideration in future numerical models. 
6.4.2 Comparison of SAP2000 Model and Field Strains 
Maximum tensile and compressive strains at the top and bottom surface of the approach slab 
were extrapolated from post-processed field data collected from the approach slabs at Arlington 
Heights Road and Prospect Avenue. The approach slabs were assumed to have linear elastic 
behavior. As shown in Table 43, the range of compressive strain at the top of the approach slabs 
at Arlington Heights Road and Prospect Avenue were compared to the range of compressive 
strains of the approach slab model with a 15° skew and a wing wall that spans half of the length 
of the approach slab. The tensile strains at the bottom of the slabs were also compared. 
Table 43. Comparison of strains from SAP2000 model and field data. 
 
  Compressive Strain, µε (Top) Tensile Strain, µε (Bottom) 
  Min Max Min Max 
HWWskew15 -244 -113 99.3 215 
Arlington -696 -62.1 -595 27.8 
Prospect -663 -33.1 -512 214 
From Table 43, the maximum tensile strain from the SAP2000 model was approximately equal 
to the maximum tensile strain at the bottom of the approach slab at Prospect Avenue. Some 
strains at the bottom of the approach slab at both bridges were negative, indicating negative 
moment in the slab. In order to more accurately predict the strains in the slab, boundary 
conditions should be better defined, and negative moment in the slab should be explored as well. 
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CHAPTER 7: SUMMARY AND CONCLUSIONS 
The elimination of expansion joints between the bridge deck and approach slabs in an integral 
abutment bridge (IAB) decreases the potential for water and salt damage to the bridge’s 
superstructure and bearings. As a result, the construction and maintenance costs for IABs are 
lower than in a conventional bridge. Moreover, the life span of an IAB is predicted to be longer 
than that of a conventional bridge. However, the Illinois State Toll Highway Authority (ISTHA) 
– herein called the Illinois Tollway – has noticed undesirable behaviors in IABs, such as 
approach slab cracking.  Limited prior research has been conducted on the causes of approach 
slab cracking in IABs and the role of temperature in approach slab cracking. To better 
understand the nature of approach slab cracking in IABs, ISTHA initiated a study that includes 
field monitoring and numerical modeling.  
Pertinent bridge parameters associated with approach slabs that have cracks were evaluated by 
comparing bridge plans and crack maps from field inspections. Several Illinois Tollway bridge 
approach slabs that had at least five cracks had a full wing wall. In addition, a comprehensive 
agency survey was conducted to learn about how other state transportation agencies design their 
IABs and approach slabs, as well as any major issues they have with approach slabs and/or 
solutions for mitigating approach slab cracking. The cracking trends from other states generally 
agree with the cracking trends observed in Illinois Tollway approach slabs. Approach slabs with 
skews larger than 30° tend to have diagonal cracks that concentrate in the acute corner and travel 
in the direction of the obtuse corner. Longitudinal cracks are common among approach slabs that 
have little or no skew. Many state agencies indicated that increasing reinforcement and slab 
thickness were the most effective methods for decreasing approach slab cracking. 
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In addition to learning about approach slab cracking in IABs, another goal of this study was to 
evaluate and compare behavior of precast and cast-in-place approach slabs, in particular with 
respect to cracking, and create a set of criteria for when one type of approach slab should be used 
instead of the other. A precast and cast-in-place approach slab were instrumented with embedded 
strain gages and displacement transducers to monitor the behavior of the approach slabs. These 
sensors also record temperature, so sensor readings can be analyzed to understand how loads and 
temperature affect the slabs. 
Models of approach slabs were created in SAP2000 to study the effect of wing walls and skew 
on the maximum compressive and tensile stresses in the slab. The assumption of soil settlement 
beneath the approach slab was represented by leaving the slabs unsupported except for at the 
boundaries. Live load trucks were modeled to determine the most severe truck loading in a series 
of loading combinations. Regardless of skew or whether a wing wall was present, the most 
severe loading combinations occurred when an IL-120 truck was placed on each travel lane. As 
the length of the wing wall was increased, the displacement, maximum and minimum principal 
stresses, and the maximum moment decreased. As the skew of the slab increased, the 
displacement, maximum and minimum principal stresses, and maximum moment decreased. 
There was no significant difference between a slab with half wing wall and a slab with a full 
wing wall. 
Stresses from the model with a geometry closest to that of the approach slabs at Arlington 
Heights Road and Prospect Avenue were converted into strains, based on an assumption that the 
actual behavior was linearly elastic. The strains collected from the field data were extrapolated to 
determine strains at the top and bottom of the slab, in order to have a more direct comparison to 
the strains from the numerical model. The maximum tensile strain from the model was 
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approximately equal to the maximum tensile strain of the approach slab at Prospect Avenue. 
Based on the minimum tensile strains at both Arlington Heights Road and Prospect Avenue, the 
approach slabs appear to experience a negative moment, indicating intermediate support from the 
soil. In the future, the numerical model can be updated to more accurately define the boundary 
conditions and refine the approach slab properties. In conjunction with research that is still in 
progress, the work documented in this thesis will contribute to determining the causes of 
approach slab cracking at IABs and to developing design criteria for approach slabs to prevent 
cracking. 
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APPENDIX A: CONTOUR PLOTS OF MAXIMUM AND 
MINIMUM PRINCIPAL STRESSES 
 
 
 
Figure 75. Minimum principal stresses at the top face of a simply supported slab with 0° skew. 
 
 
Figure 76. Maximum principal stresses at the bottom face of a simply supported slab with 0° skew. 
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Figure 77. Minimum principal stresses at the top face of a simply supported slab with a half wing wall and 0° 
skew. 
 
 
 
Figure 78. Maximum principal stresses at the bottom face of a simply supported slab with a half wing wall 
and 0° skew. 
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Figure 79. Minimum principal stresses at the top face of a simply supported slab with a full wing wall and 0° 
skew. 
 
 
Figure 80. Maximum principal stresses at the bottom face of a simply supported slab with a full wing wall 
and 0° skew. 
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Figure 81. Minimum principal stresses at the top face of a simply supported slab with 15° skew. 
 
 
 
Figure 82. Maximum principal stresses at the bottom face of a simply supported slab with 15° skew. 
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Figure 83. Minimum principal stresses at the top face of a simply supported slab with a half wing wall and 
15° skew. 
 
 
 
Figure 84. Maximum principal stresses at the bottom face of a simply supported slab with a half wing wall 
and 15° skew. 
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Figure 85. Minimum principal stresses at the top face of a simply supported slab with a full wing wall and 15° 
skew. 
 
 
 
Figure 86. Maximum principal stresses at the bottom face of a simply supported slab with a full wing wall 
and 15° skew. 
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Figure 87. Minimum principal stresses at the top face of a simply supported slab with 30° skew. 
 
 
 
Figure 88. Maximum principal stresses at the bottom face of a simply supported slab with 30° skew. 
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Figure 89. Minimum principal stresses at the top face of a simply supported slab with a half wing wall and 
30° skew. 
 
 
 
Figure 90. Maximum principal stresses at the bottom face of a simply supported slab with a half wing wall 
and 30° skew. 
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Figure 91. Minimum principal stresses at the top face of a simply supported slab with a full wing wall and 30° 
skew. 
 
 
 
Figure 92. Maximum principal stresses at the bottom face of a simply supported slab with a full wing wall 
and 30° skew. 
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Figure 93. Maximum principal stresses at the bottom face of a simply supported slab with 45° skew. 
 
 
 
Figure 94. Maximum principal stresses at the bottom face of a simply supported slab with 45° skew. 
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Figure 95. Minimum principal stresses at the top face of a simply supported slab with a half wing wall and 
45° skew. 
 
 
 
Figure 96. Maximum principal stresses at the bottom face of a simply supported slab with a half wing wall 
and 45° skew. 
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Figure 97. Minimum principal stresses at the top face of a simply supported slab with a full wing wall and 45° 
skew. 
 
 
 
Figure 98. Maximum principal stresses at the bottom face of a simply supported slab with a full wing wall 
and 45° skew. 
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Figure 99. Minimum principal stresses at the top face of a simply supported slab with 60° skew. 
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Figure 100. Maximum principal stresses at the bottom face of a simply supported slab with 60° skew. 
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Figure 101. Minimum principal stresses at the top face of a simply supported slab with a half wing wall and 
60° skew. 
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Figure 102. Maximum principal stresses at the bottom face of a simply supported slab with a half wing wall 
and 60° skew. 
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Figure 103. Minimum principal stresses at the top face of a simply supported slab with a full wing wall and 
60° skew. 
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Figure 104. Maximum principal stresses at the bottom face of a simply supported slab with a full wing wall 
and 60° skew. 
